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Description 

This invention relates to biologically active polypeptides basod on transforming growth factor-fc»eta 
sequences that have transforming growth factor-beta-like activity. In particular, this invention relates to the 
5 development of drugs for treatment of immune or inflammatory disorders, such as allograft rejection, 
arthritis, cancer, and viral infections, and to immunodiagnostic reagents. 

Description of Related Art 

10 The transforming growth factor-^ (TGF-^) molecules identified thus far are each dimers containing two 
identical 112 residue polypeptide chains linked by disulfide bonds. The molecular mass of these dimers is 
about 25 kd. Biologically active TGF-i3 has been defined as a molecule capable of inducing anchorage 
independent growth of target cell lines or rat fibroblasts in in vitro cell culture, when added together with 
EGF or TGF-a as a co-factor. JGF-fi is secreted by virtually all cell types in an inactive form. This latent 

75 form can be activated by proteolytic cleavage of mature TGF-^ from its precursor (at the Arg-Ala bond in 
position 278). A non-covalent complex is fomned from the association of the mature TGF-)3 with the 
precursor remainder or with a protein binding to TGFr^ or with alpha2-macroglobulin. This complex is 
disrupted so as to activate the TGF-^ either by exposure to transient acidification or by the action of 
exogenous proteases such as plasmin or plasminogen activator. 

20 There are at least three forms of TGF-^ currently identified, JGf-fiu TGF-^2, and TGF-^3. Suitable 
methods are known for purifying this family of TGF-)Ss from various species such as human, mouse, green 
monkey, pig, t>ovine, and chick, and from various body sources such as bone, platelets, or placenta, for 
producing it in recombinant cell culture, and for determining its activity. See, for example, R. Derynck et al., 
Nature , 316:701-705(1985); European Pat. Pub. Nos. 200,341 published December 10, 1986, 169,016 

25 published January 22, 1986. 268.561 published May 25, 1988, and 267,463 published May 18, 1988; G.B. 
Pat. Appln. 2,146.335 published April 17, 1985; U.S. Pat. No. 4,774,322; Seyedin et al, J. Biol. Chem ., 262 : 
1946-1949 (1987); Cheifetz et al. Cell. 48: 409-415 (1987); Jakowlew et al.. Molecular Endocrin .. 2: 747-755 
(1988); Dijke et al.. Proc. Nati. Acad. Sci . (U.S.A.) . 85: 4715-4719 (1988); Derynck et al.. J. Biol. Chem. . 261 : 
4377-4379 (1986); Sharpies et al., DNA. 6: 239-244 (1987); Derynck et al.. Nucl. Acids. Res. , 15: 3188-3189 

30 (1987); Derynck et al.. Nucl. Acids. Res. . 15: 3187 (1987); Seyedin et al., J. Biol. Chem. , 261 : 5693-5695 
(1986); Jakowlew et al.. Mol. Endrocrin. , 2: 1186-1195 (1988); Madisen et al., DNA. 7: 1-8 (1988); and Hanks 
et al., Proc. Nati. Acad. Sci. (U.SA) , 85: 79-82 (1988). 

TGF-^ has t>een shown to have numerous regulatory actions on a wide variety of both normal and 
neoplastic cells. Recent studies indicate an important role for TGF-fi in cells of the immune system (J. 

35 Kehri et al., J. Exp. Med. . 1^:1037 [19861; H-J. Ristow. Proc. Nati. Acad. Sci . U.S.A., ^:5531 [1986]; A. 
Rook et al., J. Immunol. , 1 36:391 6[1 9861) and in proliferation of connective and soft tissue for wound healing 
applications (M. Sporn et al., Science , 219:1329 [1983]; R. Ignotz et al., J. Biol. Chem. , 261:4337 [1986]; J. 
Varga et al.. B.B.Res.Comm. , 138:974 [1986]; A. Roberts et al., Proc. Nati. Acad. Sci. U.SA, 78:5339 
[19811: A. Roberts et al.. Fed. Proc ., 42:2621 [1983]; A. Roberts et al., Proc. Nati. Acad. Sci. U.S.A., ra:4167 

40 [19861; U.S. Pat. No. 4.774.228 to Seyedin et al.), as well as epithelia (T. Matsui et al., Proc. Nati. Acad. Sci . 
U.S.A.. M:2438 [1986]; G. Shipley et al. Cancer Res. , 46:2068 [1986]). Moreover. TGFrfi has been 
described as a suppressor of cytokine (e.g., IFN-a. TNF-o) production, indicating its use as an immunosup- 
pressant for treating inflammatory disorders (Espevik et al., J. Exp. Med. , 166: 571-576(1987]; European 
Pat. Pub. No. 269,408 published June 1, 1988; U.S. Pat. No. 4,806,523 issued Feb. 21. 1989). and as a 

45 promoter of cachexia (Beutler and Cerami. New Eng. J. Med. . 316 : 379 [1987]). Further. TGF-^ induces 
collagen secretion in human fibroblast cultures (Roberts et al., Proc. Nat. Acad. Sci. USA ^: 4167-4171 
(1986); Chua et al., J. Biol. Chem. , 260:5213-5216 [1983]); stimulates tiie release of prostaglandins and 
mobilization of calcium (A. Tashjian et al., Proc. Nati. Acad! Sci. U.SA, ^:4535 [1985]); and inhibits 
endothelial regeneration (R. Heimaric et al.. Science , 233:1078 [1986]). 

50 JGF-fi is multifunctional, as it can either stimulate or inhibit cell proliferation, differentiation, and other 
critical processes in cell function (M. Spom, Science , 2^:532 [1986]). 

The multifunctional activity of TGF-)3 is modulated by the influence of other growth factors present 
together witii the TGF-^. TGF-^ can function as either an inhibitor or an enhancer of anchorage- 
independent growth, depending on the particular set of growth factors, .g., EGF or TGF-a. operant in the 

55 cell together wrtii TGF-^ (Rot)erts et al.. Proc. Natl. Acad. Sci. U.S.A., 82:119 [1985D. TGF-i3 also can act in 
concert with EGF to caus proliferation and piling up of normal (but not rheumatoid) synovial cells 
(Brinkerhoff et al.. Arthritis and Rheumatism , 26:1 370 [1 983]). 
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Most recently. TGF-^ has been found to suppr ss the xpression of Class II histocompatibilrty antig ns 
on human cells induced by human Interf ron-gamma (Czamiecki et al.» J. Immunol. , 140 : 4217-42223 
[1988]; Czamiecki et al. J. Interferon Res. , 7: 699 [1987]; Palladino et al., J. Cell. Biochem. , Supp. 11A [Jan. 
17-Feb. 5, 1987], UCLA Symposia on Molecular and Cellular Biology. Alan a Liss, Inc., New York, abstract 
5 AOie. p. 10; Chiu et al.. Triennial Symposium: Biology of Growth Factors. University of Toronto, Ontario, 
Canada. [June 17-19, 1987]; Palladino et al., Immunobiology , 175 : 42 [1987]). 

For a general review of TGF-^ and its actions, see Spom et al.. J. Cell Biol. . 105 : 1039-1045 (1987) and 
Spom and Roberts. Nature , 322 : 217-219(1 988). 

Fragments of TGF-i3 are described in EP 290,012 published 11/9/88 and EP 267.463 published 5/18/88. 
10 The former describes fragments of TGF-j92 having at least about eight amino acids, for example, in the 
region of N-tenmlnal amino adds 1 to 20, particulariy 4-15, and more particularly 9-14, a C-terminal 
sequence, or a truncated N-terminal or C-terminal molecule. The tatter patent publication describes in claim 
36 a 20-mer consisting of an internal sequence of TGF-^3. 

TGF-a polypeptides ttiat compete with the EGF receptor are disclosed in U.S. Pat No. 4.816,561 
75 issued March 28. 1989. 

A putatively hydrophilic region of murine retroviral envelope protein p15E has been identified that 
inhibits stimulated T-lymphocyte proliferation. Schmidt et al.. Proc. Nati . Acad. Sci. U.SA, 84: 7290-7294 
(1987). U.S. Pat. No. 4.822,606 issued April 18. 1989 to R. Snydennan et al. discloses a class of 
immunosuppressive peptides that are based on a 26-amino acid sequence, or part thereof, that is 
20 conserved among a variety of retroviruses associated with immunosuppression, including murine and feline 
leukemia virus, human retrovirus, and a simian virus that causes AIDS in monkeys. One of these peptides 
(designated CKS-17) was synthesized to correspond to the conserved region of p15E and tested for its 
effect on a variety of immune cell functions. In addition, peptides conresponding to the conserved regions of 
the human retroviruses HTLV-I, -II. and -III were synthesized and similariy tested. These peptides have the 
26 formula: 

A-Gln-B-Arg-C-D-E-F-G-H-l-J-K-L-M-N-0, 
wherein: 

A is Leu, Ala, or Tyr; 

B is Asn or Ala; 
30 C is Arg, Leu. or lie; 

D is Gly, Ala. or Leu; 

E is Leu or Ala; 

F is Asp or Val; 

G is Leu, Tyr. Glu. or lie; 
35 H is Leu or Arg; 

I is Phe, Leu. Tyr, or Thr; 

J is Leu, Trp, or Ala; 

K is Lys. Glu, Gin. or Ala; 

L is Glu, Gin. or Asp; 
40 M is Gly or Gin; 

N is Gly or Gin; and 

O is Leu. Val, or lie. 

Immune modulators have applications in various fields involving the immune system. For example, they 
are useful in preventing graft rejection, preventing autoimmunity, or alleviating inflammatory reactions 
45 mediated by immune disorders. Immune modulators typically have suffered from numerous undesirable and 
substantial side effects. 

Accordingly, it is an object of the present invention to provide immune modulators having transforming 
growth factor-beta-like activity without suffering from undesirable side effects. 

It is another object to provide a novel class of immune modulators that are useful as immunogens to 
50 elicit antibodies to TGF-/3. i.e., TGF-^ antagonists. 

It is anotiier object to provide a novel class of immune modulators that are useful to devetop diagnostic 
assays for the presence in patient fluids of immunosuppressive proteins such as TGF-)5, or antibodies to 
such proteins. 

These and other objects will becom apparent to thos skilled in tti art. 



3 



EP 0 473 649 B1 



. Summary of Invention 

The abov objects are achieved by th provision of a polypeptide comprising an amin acid sequence 
of the formula: 

5 X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K, 
wherein: 

X is Cys or a crosslinker moiety or a polypeptide that has at its C-terminus a Cys. and that, if greater than 
15 residues, does not have the sequence of mature or precursor IGF-fi at a homologous location in the 
mature or precursor TGF-^ molecule; 
10 A is Val or Leu; 
B is Pro or Gin; 
H is Arg or Lys; 
I is Lys, Arg, Gin; and 

K is Lys or a polypeptide that has at its N-terminus Lys, and that, if greater than 15 residues, does not have: 
IS the sequence of mature or precursor TGF-i3 at a homologous location in the mature or precursor TGF-^ 
molecule; and physiologically acceptable salts or esters thereof; provided, however, that the polypeptide 
excludes (a) a full-length mature JGF-0 molecule or precursor JGF-0 molecule or deletion variants of 
mature or precursor TGF-^ molecules in which from at>out 1 to 10 amino acid residues have been deleted; 
(b) a polypeptide of the sequence: 

20 

Cys-Val-Arg-Gln-Leu-Tyr-Ile-Asp-Phe-Arg-Lys- 
Asp-Leu-Gly-Trp-Lys 

25 and (c) polypeptide of the sequence: 

Arg-Asn-Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-Ile- 
Asp-Phe-Arg-Gln-Asp-Leu . 

30 

In other embodiment the invention provides a polypeptide that excludes (a)-(c) at>ove, said polypeptide 
comprising an amino acid sequence of the formula: 

Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-GIy-Trp-Lys 
wherein: 
05 A is Val or Leu; 
B is Pro or Gin; 

H is Arg or Lys; and 

I is Lys, Arg. or Gin. 

In another embodiment, the invention herein provides a polypeptide as described above wherein K is a 
40 polypeptide having its N-terminal amino acid followed by the sequence L-M-N, wherein: 
L is Gly. Leu, GIu, Gin, or Ala; 
M is Trp. GIu, Gin. or Asp; and 
N is Lys. Gly, or Gin. 

In a preferred emtKxJiment, the polypeptide is coupled to a carrier protein such as bovine serum 
45 albumin or human serum albumin, a sugar group, or a lipid. 

Also provided herein is a polypeptide polymer comprising at least two polypeptide chains crosslinked to 
each ottier. each comprising the amino acid sequence identified above. 

TTie polypeptides provided may find use in a method of ameliorating an immune or inflammatory 
disorder in an animal comprising administering to that animal a therapeutically effective amount of ttie 
so polypeptide polymer identified above that has the sequence containing the X moiety at the N tenninus. 

In yet another embodiment, the invention furnishes a suppository for the treatment of inflammatory 
bowel disease that contains a therapeutically effective amount of the polypeptide polymer identified above 
that has the sequence containing ttie X moiety at the N terminus. 

In a still further embodiment, th invention provides a composition comprising th polypeptide polymer 
55 identified abov having th sequence containing the X moiety at the N terminus and a substanc selected 
from the group consisting of an antagonist to gamma-interf ron, an antagonist to TGF-a. an antagonist to 
TNF-a, an antagonist to TNF-^, an antagonist to IL-1a or fi, a nonsteroidal anti-inflammatory agent, 
penicillamin , saJicylat . and a gold salt 
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In a still further mbodim nt, the invention comprises a method for produdng antibodies that neutralize 
immunosuppressiv proteins comprising immunizing an animal with the polypeptid identified above that 
has th sequence containing the X moiety and isolating antibodies generated by the polypeptide that 
neutralize at least one immunosuppressive protein, preferably TGF-j3. 

s In yet another embodiment, the invention provides a monoclonal antibody specific for the polypeptide 
identified above and its various labeled and immobilized fomns. 

The polypeptides provided may also find use in a method for blocking immunosuppressive activity of 
an animal caused by an immunosuppressive protein comprising Identifying the responsible immunosup- 
pressive protein and contacting the protein with a monoclonal antibody generated from the polypeptide that 

70 neutralizes the protein. If the antibody is immobilized, the protein will be immobilized when it is bound to 
the antibody. 

In another aspect, the invention supplies a method for detecting the presence of an immunosuppressive 
protein in a sample comprising contacting the sample vnth a labeled version of the monoclonal antibody 
generated from the polypeptide herein. The sample can also be contacted with an Immobilized antibody 
75 that binds to a different epitope of the Irnmunosuppressive protein than tiie one to which the labeled 
antibody binds. 

In addition, the polypeptides provided may find use in a mettiod for accelerating the healing of a wound 
in an animal comprising applying to the wound a wound-accelerating effective amount of the . polypeptide 
polymer described atwve. 

20 In a still furtiier aspect, the invention provide a process for obtaining a Uierapeuticaliy biologically active 
polypeptide polymer comprising the steps of assaying a monomeric polypeptide and determining that it is 
not therapeutically biologically active, and crossllnking the monomeric polypeptide at one of its termini with 
at least one polypeptide chain homologous to the monomeric polypeptide, so as to form a polymer of the 
monomeric polypeptide. Preferably tiie monomeric polypeptide is the TGF-^ peptide described herein. 

25 A novel class of polypeptides and analogs thereof have been discovered that are based on a 16 amino 
acid sequence, or part thereof, which is strikingly well conserved among a variety of proteins in ttie TGF-^ 
family. These proteins include TGF-)31, TGF-i32, TGF-^3, the inhibin alpha and beta chains, decapen- 
taplegic protein (dpp). and the bone morphogenic proteins known as BWiP2, BMP3. and BMP4, the latter 
class of proteins being described by Wozney et al.. Science , 24: 1528-1534 (1988). 

30 

Brief Description of the Drawings 

Rgure 1 represents a bar graph of the amount of cpm incorporated in the CCL-64 mink lung cell 
proliferation assay versus the reciprocal of dilution of a TGF-^ polypeptide conjugated to HSA (black). . HSA 
35 control (hatched), and ttie unconjugated polypeptide (checked). 

Rgure 2 represents bar graphs of the amount of PGE2 released by IL-1 treated human fibroblasts as a 
function of various TGF-;5 peptides, TGF-^1. HSA alone, and cells atone. 

Rgure 3 represents a graph of tiie percent radiolabeled TGF-/S1 bound to its receptors as a function of 
the concentration of TGF-^ peptide dimer present. 
40 Rgure 4 represents a bar graph of percent inhibition of tetanus-toxoid-stimulated human lymphocyte 
proliferation versus concentration of synthetic 16-mer dimer herein. 

Rgure 5 represents a bar graph of percent inhibition of PMA-stimulated human lymphocyte proliferation 
versus concentration of syntiietic 16-mer dimer herein, for two different donors (black and hatched). 

Rgure 6 represents a bar graph of percent inhibition of PHA-P-stimulated human lymphocyte prolifera- 
45 tion versus concentration of syntiietic 16-mer dimer herein, for the same two donors as shown in Rg. 5. 

Rgure 7 represents a graph of the number of monocytes migrating as a function of 16-mer dimer 
concentration in response to chemotaxis by two different concentrations of FMLP(squares witti lines are 
FMLP 10-8 M; drcles witii lines are FMLP lO-^M; and squares witiiout lines are the TGF-^ peptide 
response). 

50 

Description of the Preferred Embodiments 
A. Definitions 

55 As used her in. tiie terms "matur TGF-)3." "TGF-^," and "pr cursor TGF-^" refer to tii family of 
molecules described hereinabov that have eittier ttie hjll-length, nativ amino acid sequ nee of any of the 
TGF-)Js from any species but lacking the signal sequenc ("matur ") or ttie fulH ngtfi, nativ amino acid 
sequ nee of any of th TGF-^s from any species witti th naturally occurring signal sequ nee. including the 
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latent forms and associated or unassociated compi x of precursor and mature TGF-/5 ("precursor"). 
Reference to such full-length TGF-^ her in wilt be understood to t>e a refer nee to any on of th currently 
identified forms. Including TGF-;3i , and TGF-/53. 

The sequence 

5 

•Arg-Asn-Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-Ile- 
Asp-Phe-Arg-Gln-Asp-Leu* 

TO is the 20-mer derived from TGF-^3 that is descril)ed in EP 267,463, supra. 

As used herein, the term "carrier protein' refers to a protein that is conjugated to the polypeptide either 
to Increase its molecular weight ifor purposes of increasing activity or immunogenidty of the polypeptide, to 
confer stability to the molecule, to increase its biological activity, or to increase its serum half-life. Such , 
carrier proteins include, for example, keyhole limpet hemocyanin, serum proteins such as transferrin, bovine 

/5 serum albumin, or human serum albumin, immunoglobulins, or hormones, such as insulin. Preferably, the 
carrier protein is fcK>vine serum albumin, human serum albumin, an immunoglobulin, or a hormone, and 
most preferably is human serum albumin. A "sugar group" and a "lipid" refer, respectively, to any sugar 
moieties such as mannose or dextrose groups, and to lipids, including phospholipids. ^ 

As used herein, the term "protein to be rendered non-immunogenic or tolerogenic' refers to a protein 

20 that is desired to be made non-immunogenic or inert to reactions with existing antibodies. Typically, such 
proteins are xenogeneic to the peptide and must be administered over a long period of time, such as anti- 
thymocyte globulin or murine monoclonal antibodies to tumor-specific antigens, as well as anti-Fe receptor 
antibodies, anti-toxin antibodies (e.g., antibodies to tetanus toxin), and anti-idiotype antibodies. 

As used herein, the term "immune disorder" refers to an immune-mediated disease such as a cell- 

26 mediated immune reaction, generally characterized by tissue destruction and/or the influx of inflammatory 
cells. Examples of immune disorders include, e.g., organ allograft rejection and autoimmune diseases, such 
as systemic lupus erythematosus, rheumatoid arthritis, scterodenma, demnatomyositis, polymyositis, un- 
classified connective diseases, autoimmune hemolytic anemia, idiopathic thromlwcytopenic purpura, 
. autoimmune thyroiditis, polyarteritis nodosum, glomerulonephritis, uveitis, etc. 

30 As used herein, the term "immunosuppressive protein" as used in the context that it is neutralized by 
antibodies generated by the polypeptide herein generally refers to the protein to which ttie polyp)eptide 
conresponds that exhibits immunosuppressive activity. For example, a polypeptide representing an internal, 
active sequence within the full-length TGF-i5 sequence would have TGF-^ as its immunosuppressive protein 
to be neutralized. 

35 As used herein, the term "inflammatory disorder" refers to an inflammation-mediated malady, whetiier 
or not also immune mediated. Thus, such diseases include those caused by the release of toxic oxygen 
products from phagocytes in inflammatory lesions. Examples include rheumatoid artiiritis, adult respiratory 
distress syndrome, and septic shock. 

Inflammatory responses associated with various immune disorders are typically divided into four 

40 classes. Class I responses are reaginic or allergic reactions characterized by atrophy or anaphylaxis. Class 
II responses are dependent upon cytotoxic antibody and are associated, for example, witti autoimmune 
hemolytic anemia and thrombocytopenia attendant to systemic lupus eryttiematosus (SLE). Class HI 
responses are characterized by chronic generation of immune complexes containing IgG and/or IgM. Class 
IV responses, associated with delayed hypersensitivity, are mediated by cytokines and T-lymphocytes and 

45 are typically found in tuberculosis, sarcoidosis, polymyositis, granulomatosis, and vasculitis. This invention 
is particulariy concemed with inappropriate or aberrant class 11 and class 111 responses. These classes are 
generally associated witt> inflammatory sequelae dependent upon chronic immune dysfunction, including 
constitutive production of soluble mediators such as cytokines, immunoglobulins, and complement compo-. 
nents. 

50 As used herein, "animal" refers to species that are capable of suffering from immune or inflammatory 
disorders, preferably mammals, and most preferably humans. 

As used herein, 'label moiety' refers to labels tfiat may be detected directiy, such as fluorochromes or 
radiolabels, as well as moieties, such as enzymes, tiiat must be reacted or derivatized to be detected. 
Examples of such label moieti s are ^P, ^*C, fluor scein and its derivativ s, rtiodamin and its 

55 derivatives, dansyl, umbelliferone, luciferin, 2.3-dihydrophthalazinediones, horseradish peroxidase, alkaline 
phosphatase, beta-galactosidase, lysozyme, and glucose-6-phosphate dehydrogenase. 

As used herein, the term "epitope" r f rs to a specific sit on th immunosuppressive protein to which 
only c rtain antibodies bind. Thus, the term refers to a specific antigenic determinant on the. immunosup- 
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pressiv protein. 

As used herein, th term "sampi used in the context of immunom trie assays, ref rs to any liquid or 
biological sample that contains r may contain th immunosuppressiv protein t be detected. Th sampI 
includes fluids such as human or animal body fluids, e.g., blood, serum, urine, amniotic fluid, tissue 
5 extracts, cerebrospinal fluid, and the like. The samples may require special treatment such as extraction 
before being analyzed, depending on the tendency of the relevant antigens contained therein toward lability, 
aggregation, or at)sorption by the storage container. 

As used herein, the term "polypeptide" refers to a peptide having at least two, and preferably more 
than two amino acids. "Monomeric polypeptide" refers to a polypeptide that is a monomer as opposed to a 
10 dimer or polymer in the sense that it is not crosslinked or otherwise bonded to another homologous 
polypeptide chain. The term "polymer" refers to a moiety wherein at least two monomeric polypeptides are 
crosslinked to each other, and "dimer" refers to a moiety wherein two monomeric polypeptides are 
crosslinked to each other. 

As used herein, the term "homologous," when used in the context of the formation of a polymer, refers 

75 to a polypeptide chain with an amino acid sequence that is at least 80% homologous with the sequence of 
a monomeric polypeptide chain to be polymerized. 

The word "crosslinking" as used herein refers both to the linking of one polypeptide chain to the amino 
acid side groups of another polypeptide chain and to the linking of one polypeptide moiety through the 
terminal carboxyl or amino groups of a second polypeptide chain. 

20 The expression "crosslinking moiety" refers to a linking moiety confenred by an external crosslinking 
agent used to crosslink the polypeptide with one or more polypeptides as described further hereinbelow. 

The expression "pharmacologically acceptable salts and esters thereof" refer to inorganic or organic 
salts such as metal salts and acid addition salts thereof and lower (e.g.. C1-4) alky I esters of the 
polypeptides. Examples include salts of alkaline earths (e.g., sodium or magnesium), ammonium or NX^"^ - 

25 (wherein X is C1-4 alkyi), organic carboxylic acids such as acetic, lactic, tartaric, malic, isethionic. 
lactobionic, and succinic acids; organic sulfonic acids such as methanesulfonic, ethanesulfonic. benzenesul- 
fonic, and p-toluenesulfonic acids; and inorganic acids such as hydrochloric, sulfuric, phosphoric, and 
sulfamic acids. Salts of a polypeptides with a hydroxy group include the anion of said polypeptide in 
combination with a suitable cation such as Na^^, NhU'^, and (wherein X is a C1-4 alkyI group). 

30 "Biologically active" polypeptides herein are defined as those having the ability to cross-react with 
antisera raised against native TGF-^ (where native TGF-^ is that which is obtained from platelets or other 
natural sources). Immunological cross-reactivity is a measure of a single active epitope and does not 
necessarily encompass an active domain involved in immunosuppressive activity. 

"Therapeutic biological activity" and "therapeutically biologically active" refer to activity that not only 

05 encompasses biological activity as defined above, but also the ability to inhibit the proliferation of a cultured 
established mink lung cell line CCL 64 and/or to inhibit the proliferation of human lymphocytes to an antigen 
* such as tetanus toxoid and/or to mitogens such as phytohemagglutinin P (PHA-P) or Concanavalin A 
(ConA). Polypeptides with therapeutic biological activity are preferred. 

40 B. Modes for Carrying Out the Invention 

The polypeptide herein comprises at least the 12-mer described atxive and additionally exhibits 
biological activity. It is noted that the flanking residues of the 12-mer specified are amino acids or 
polypeptides. If these residues are polypeptides, they have the specified amino acid at their N- or C- 
45 terminus. In addition, if they consist of more than 15 residues, and more preferably more than 10 residues, 
and most preferably more than 5 residues, including the residue specified at their N- or C-terminus. they do 
not have the sequence of mature or precursor TGF-^ at an analogous (homologous) position in the 
corresponding native mature or precursor TGF-0 molecule. This language thus excludes polypeptide 
fragments of native TGF-^ that may have been obtained incidentally by random digestion of the native 
50 molecule with a cleaving agent such as trypsin. 

Preferably, the polypeptide comprises the 13-mer specified atx)ve containing the X moiety, wherein 
most preferably the X is a cysteine residue, and more preferably the polypeptide is the 16-mer described 
at>ove ending in the sequence L-M-N, as described above. More preferably, the 16-m6r is derived from a 
TGF-^, and comprises the sequence: 
55 Cys-A-Arg-B-Leu-Tyr-IIe-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys, 
wher in: 

A is Val or Leu; 

B is Pro or Gin; 
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H is Arg or Lys; and 
I is Lys, Arg. r Gin. 

More preferably, th 16-mer compris sth sequence: 
Cys-Val-Arg-B-Leu-Tyr-lle-Asp-Phe-Arg-hAsp-Leu-GIy-Trp-Lys 
5 . wherein: . 

B is Pro or Gin; and 
I is Lys or Gin. 

In the latter formula, preferably if B is Gin. 1 is Lys and if B is Pro, I is Gin. 
Alternatively, the 16-mer is selected to comprise the amino acid sequence: 
10 Cys-Leu-Arg-Pro-Leu-Tyr-IIe-Asp-Phe-Lys-Arg-Asp-Leu-Gly-Trp-Lys. 

The polypeptide is suitably used alone, presumably because it polymerizes in situ when exposed to air 
or added oxygen, but is preferably coupled to another material , or crosslinked to itself to Increase its 
biological or immunological activity, particularly if the polypeptide is relatively short, or to bestow certain 
properties on the material being coupled. For example, the polypeptide is suitably coupled to a canier 
75 protein, sugar group, or lipid, the type of which will depend on the particular utility and size of the 
polypeptide. 

Alternatively, the polypeptides can be coupled to proteins that one wishes to render non-immunogenic 
or tolerogenic, or they can t3o crosslinked. Coupling can be accomplished using methods well known to 
ttiose stalled in the art, such as. e.g., ttiat described in Clanciolo et al.. Science . 230 : 453 (1985). 

20 In fact, in a specific aspect of this invention, any appropriate polypeptide, provided that it is determined 
. to be inactive, may be polymerized to increase its activity and to facilitate its delivery fn vivo. This process 
involves the steps of assaying a monomeric polypeptide and determining if it is biologically active 
(generally using bioassays that determine its immunologic or tfierapeutic utility). Thus, for example, an 
indication of biological activity is whether the monomeric peptide neutralizes monoclonal and polyclonal 

25 antibodies raised against a corresponding native protein known to have biological/therapeutic activity, e.g.. 
mature human TGF-^. Other indications, spedfic for the TGf-fi polypeptide herein, include whether the 
peptide stimulates release of PGE2 by IL-1 treated human fibroblasts, interferes witti the binding of full- 
length TGF-)3 to its receptors, or acts as an immunosuppressive agerit either in vitro or in vivo in an animal 
model. The first step, then, involves determining that the monomeric polypeptide is inactive in one or more 

30 of these assays. 

If the polypeptide is inactive, tiien it is placed into a polymerized form and is at least dimerized. this is 
accomplished by introducing a moiety t>etween two or more substantially homologous replicates of the 
Inactive polypeptide that links the monomer chains in such a fashion as to achieve or restore the desired 
biological activity. In general, a chain is crosslinked at one of its termini with a second polypeptide chain 
35 ttiat is at least 80% homologous to the sequence of the monomeric polypeptide, preferably at least 90%. 
and most preferably 100%, so as to form a biologically active polymer, preferably a dimer. The polymer 
may be formed in situ by allowing the monomer to oxidize (e.g., for disulfide bonds) or it may be 
synthesized by using a specific crosslinking agent. In either case, the polymer is preferably recovered in 
the last step of this process. 

40 The crosslinta'ng between the polypeptide chains Is at either end of tiie polypeptide, depending on 
which end is most appropriate. For example, if the N-terminus of the polypeptide comprises a cysteinyl 
residue, this end is preferably crosslinked by linking it to a second cysteinyl residue on the homologous 
polypeptide chain, thereby forming a cystinyl bond. 

Polypeptide chains are polymerized by crosslinking monomer chains with polyfunctional crosslinking 

45 agents, either directiy or indirectly through multifunctional polymers. Ordinarily, two substantially identical 
polypeptides are crosslinked at their C or N termini using a bifunctional crosslinking agent. The agent is 
used to crosslink tfie terminal amino and/or cartx>xyl groups. Generally, both terminal carboxyl groups or 
both terminal amino groups are crosslinked to one another, although by selection of tt)e appropriate 
crosslintang agent ttie alpha amino of one polypeptide is crosslinked to the terminal carboxyl group of the 

50 ottier polypeptide. Preferably, ttie polypeptides are substituted at their C-termini with cysteine. Under 
conditions well known in the art a disulfide bond can be formed between the terminal cysteines, thereby 
crosslinking the polypeptide chains. Selection of the crosslinking agent will depend upon the identities of 
ttie reactive side chains of the amino acids present in the polypeptides. For example, disulfide crosslinking 
would not be preferred if cysteine was present in the polypeptide at additional sites tiian ttie C-tenninus. 

55 SuitabI crosslinking sites on the peptides, aside from the N-termlnal amino and C-tenninal carboxyl 
groups, includ epsilon amino groups found on lysin residues, as well as amino, imino. cartwxyl, sulfhydryl 
and hydroxyl groups located on th sid chains of internal residues of the peptid s or r sidues introduced 
into flanking sequences A. X, and K. Crosslinking through xtemally added crosslinking agents is suitably 
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achi ved, .g., using any of a number of reagents familiar to those skilled in the art, for example, via 
cart)odiimide treatm nt of the polypeptid . Other examples of suitable multifunctional (ordinarily bifunc- 
tional) crosslinking ag nts includ 1.1-bis(diazoacetyl)-2-ph hylethan ; glutarald hyde; N-hydroxysuo 
cinimide esters (Bragg and Hou. Arch. Biochem. Biophys. 167:311-321 [1975]; Anjaneyla and Staros. Int J. 

5 Pen. Pro. Res. 30:117-124 (1987]), such as esters with Arazidosalicylic acid; homobifunctional imidoesters 
including disuccinimidyl esters such as 3.3*-dithiobis (sucdnimidyl-propionate) and dimethyl adipimidate 
dihydrochloride (Zahn. Agnew. Chem. , 67:561-572 [1955]; Golden and Hanison, Biochemistry 21: 3862- 
3866 [1982]); bifunctional maleimides such as bis-N-maleimido-1 .^octane; disuccinimidyl suberate (Novick 
ef a/., J. Biol. Chem. 262:8483-8487 [1987]), bis(sulfosuccinimidyl) suberate (Lee and Conrad, J. Immunol . 

JO 134:518-525 [1985]); heterobifunctional crosslinking reagents (Lomants and Fairbanks, Arch. Biochem. 
Biophys . 167:311-321 [1976]; Anjaneyula and Staros, Si/pra; Partis ef a/., J. Pro. Chem . 2:263-277 [1983]; 
Wettman ef aA, BioTechniques , 1:148-152 [1983]; Yoshtake ef a/., J. Biochem. 92:1 423-1 424[1 982]). 
including those with an N-hydroxysuccinimide moiety at one end and a maleimido group on the other end; 
succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-cart)oxylate (SMCC) (Mahan ef a/., Anal. Biochem . 

IS 162:163-170 [1987]); sulfo-SMCC (Hashida ef a/., J. Applied Biochem . 6:56^ [1984]); m-maleimidoben- 
zoyl-N-hydroxysuccinimide ester (MBS); sulfo-MBS; succinimidyl 4-(g-maleimidophenyl)butyrate (SMPB); 
sutfo-SES^PB; N-succinimidyl(4-iodoacetyl)aminobenzoate (SIAB); sutfo-SlAB; 1-ethyl-3-(3- 
dimethylaminopropyl)cart)odiimide hydrochloride (EDC); and N-hydroxysutfosucdnimide. Crosslinking 
agents such as methyl-3-[(p-azido-phenyl)dithio] propioimidate yield photoactivatable intermediates which 

20 are capable of forming crosslinks in the presence of light. If necessary, sensitive residues such as the side 
chains of the diargininyl group are protected during crosslinking and the protecting groups removed 
thereafter. 

Polymers capable of multiple crosslinking serve as indirect crosslinking agents. For example, cyanogen 
bromide activated carbohydrates and the systems described in U.S. patents 3,959,080; 3.969,287; 

25 3.691,016; 4.195,128; 4.247.642; 4,229,537; 4,055.635 and 4.330,440 are suitably modified for crosslinking 
the peptides herein. Crosslinking to amino groups of the peptides is accomplished by known chemistries 
based upon cyanuric chloride, cartK)nyl diimidazole, aldehyde reactive groups (PEG alkoxide plus diethyl 
acetal of bromoacetaldehyde; PEG plus DMSO and acetic anhydride, or PEG chloride plus the phenoxide of 
4-hydroxyt)enzaldehyde). Also useful are succinimidyl active esters, activated dithiocarbonate PEG. and 

30 2,4.5-trichlorophenylchloroformale- or p-nitrophenylchloroformate-activated PEG. Cartwxyl groups are de- 
rivatized by coupling PEG-amine using carbodiimide. Ordinarily, however, the crosslinking agent is not a 
multifunctional polymer but instead is a small molecule t>eing less than about 500 in MW. 

Also within the scope of this invention are cyclized polypeptides, including those containing about from 
1 to 3 repeating polypeptide units, in which ttie amino terminus of a polypeptide is bonded to its cartwxy 

35 tenninus or "head to tail" to the carlx)xy terminus of anotiier substantially identical polypeptide chain. 
Substantially identical polypeptides are those that exhibit the same qualitative immunosuppressive activity, 
notwithstanding the degree of amino acid sequence homology among the polypeptides. Sequerrce. homol- 
ogy within the confines provided herein is immaterial. What is relevant is that the polypeptides act as 
immunosuppressive agents. Those variants that are capable of doing so are used as subunits in homo or 

40 heteropolymers. 

The attachment of a sugar group or lipid can be directiy to the polypeptide in a manner well known to 
ttiose skilled in the art, with tiie only requirement being that the polypeptide structure not be affected so as 
to result in the loss of its biological activity. It is understood that when mention is made below of use of 
polypeptides, the coupled and crosslinked molecules are also intended to be included. 

45 The nomenclature used to define the peptides is ttiat specified by Schroder & Lubke. "The Peptides." 
Academic Press (1965). wherein in accordance with conventional representation the amino group at the N- 
tenninus appears to the left and tiie caritwxyl group at the Otemninus to tiie right. Included within the scope 
of this invention are the D and L stereoisomers of such amino acids when tfie structure of the amino acid 
admits of stereoisomeric forms. For tiie purposes of this application, a named amino acid shall be 

60 construed to include both the D or L stereoisomers, preferably the L stereoisomer, if the amino acid can 
exist in stereoisomeric form. 

For the purposes of this application, proline shall be construed to include hydroxylproline, leucine to 
include norieucine, lysine to include hydroxylysine. serine to include 3-phosphoserine, homoserine and 0- 
phosphohomoserine, tyrosine to include dihydroxyphenylalanine, tryptophan to include 5-hydroxytryp- 

55 tophan, cystein to includ S-methylcysteine and thiocyst ine. histidine to include 1-methylhistidin and 3- 
methylhtstidin . alanine to include fi-a\anm , and aspartic acid to include /3-aspartyl phosphate. 

Th peptides ar synthesized by any suitable method, such as, for xample. by xclusiv ly solid-phase 
t chniques, by partial solid-phase techniques, by fragment condensation, by classical solution couplings, by 
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recombinant DNA techniques, I. by fermentation of a genetically engineered host cell transformed with an 
xpression vector containing a gene coding for the relevant potypeptid , and by a combination of both 
genetic nglneering m thods and peptid synthesis. 

Techniques for exclusively solid-phase synthesis are set forth in "Solid-Phase Peptide Synthesis," 

5 Steward & Young, (Freeman & Co.. San Francisco. 1969) and U.S. Pat No. 4.105.603. issued Aug. 8, 1978. 
Classical solution synthesis is described in detail in the treatise "Methoden der Organischen Chemie 
(Houben-Weyl): Synthese von Peptiden." E. Wunsch (ed.) (1974). Georg Thieme Vedag, Stuttgard, W. Ger. 
The fragment condensation method of synthesis is exemplified in U.S. Pat No. 3,972,859 issued Aug. 3, 
1976. Other available syntheses are exemplified by U.S. Pat No. 3,842.087 issued Oct. 15, 1974 and U.S. 

70 Pat No. 3.862.925 issued Jan. 28. 1975. 

When peptides are not prepared using recombinant DNA technology, they are preferably prepared 
using solid-phase synthesis, such as that generally described by Menrifield, J. Am. Chem. See. , 85: 2149 
(1963). although other equivalent chemical syntheses known in the art are employable as previously 
mentioned. Solid-phase synthesis is initiated from the C-terminus of the peptide by coupling a protected a- 

75 amino acid to a suitable resin. Such a starting material can be prepared by attaching an a-amino-protected 
amino acid by an ester linkage to a chloromethylated resin or a hydroxymethyl resin, or by an amide bond 
to a BHA resin or MBHA resin. The preparation of the hydroxymethyl resin is described by Bodansky et al., 
Chem. Ind. (London) 38: 1597-1598 (1966). Chloromethylated resins are commercially available from 
BioRad Lat)oratories, Richmond, CA and from Lab. Systems, Inc. The preparation of such a resin is 

20 described by Stewart et al., "Solid Phase Peptide Synthesis" (Freeman & Co.. San Francisco 1969), 
Chapter 1. pp. 1-6. BHA and MBHA resin supports are commercially available and are generally used only 
when the desired polypeptide being synthesized has an unsubstituted amide at the C-terminus. 

The amino acids are coupled to the peptide chain using techniques well known in the art for the 
formation of peptide bonds. One method involves converting the amino acid to a derivative that will render 

25 the carboxyl group more susceptible to reaction with the free N-terminal amino group of the peptide 
fragment For example, the amino acid can be converted to a mixed anhydride by reaction of a protected 
amino acid with ethyl chloroformate, phenyl chloroformate, sec-butyl chloroformate. isobutyl chloroformate, 
pivaloyi chloride, or like acid chlorides. Alternatively, the amino acid can be converted to an active ester 
such as a 2.4.5-trichlorophenyl ester, a pentachlorophenyt ester, a p-nitrophenyl ester, a N-hydroxysuc- 

30 cinimide ester, or an ester formed from 1-hydroxyt)enzotriazole. 

Another coupling method involves use of a suitable coupling agent such as N,N'-dicyclohexytcar- 
bodiirnide or N.N*-diisopropylcartx>diimide. Other appropriate coupling agents, apparent to those skilled in 
the art, are disclosed in E. Gross & J. Meienhofer The Pentides: Analysis. Structure. Biology , Vol. 1 : Major 
Methods of Peptide Bond Formation (Academic Press, New York, 1979). 

35 It should be recognized that the a-amino group of each amino acid employed in the peptide synthesis 
must be protected during the coupling reaction to prevent side reactions involving the reactive a-amino 
function. It should also tie recognized that certain amino acids contain reactive side-chain functional groups 
(e.g., sulfhydryl, amino, carboxyl. and hydroxyl), and that such functional groups must also be protected 
with suitable protecting groups to prevent a chemical reaction from occuning at that site during both the 

40 initial and subsequent coupling steps. Suitable protecting groups, known in the art, are described in E. 
Gross & J. Meienhofer, TTie Peptides: Analysis, Structure. Biology , Vol. 3: Protection of Functional Groups 
in Peptide Synthesis (Academic Press. New Yortc, 1981). 

In the selection of a particular side-chain protecting group to be used in synthesizing the peptides, the 
following general rules are followed. An a-amino protecting group (a) must render the a-amino function inert 

45 under the conditions employed in the coupling reaction, (b) must be readily removable after the coupling 
. reaction under conditions that wilt not remove side chain protecting groups and will not alter the structure of 
the peptide fragment, and (c) must eliminate the possibility of racemization upon activation immediately 
prior to coupling. A side-chain protecting group (a) must render tiie side chain functional group inert under 
the conditions employed in the coupling reaction, (b) must be stable under the conditions employed in 

50 removing the a-amino protecting group, and (c) must be readily removable upon completion of the desired, 
amino acid peptide under reaction conditions that will not alter the structure of the peptide chain. 

It will be apparent to those skilled in the art that the protecting groups known to be useful for peptide 
synthesis will vary in reactivity with the agents employed for their removal. For example, certain protecting 
groups such as triphenylmethyl and 2-(p-biphenylyl)isopropyloxycartK)nyl are very labile and can be 

.55 cleaved under mild acid conditions. Other protecting groups, such as t-butyloxycartx)nyl(BOC). t-amylox- 
ycarbonyl. adamantyloxycarbonyl, and p-methoxyt>enzyloxycarbonyl, ar less labil and requir moderately 
sti'ong acids, such as trifluoroacetic. hydrochloric, or tx>ron trifluoride in acetic acid, for their removal. Still 
oth r protecting groups, such as t)enzyloxycart>onyl (CBZ or Z). halobenzyloxycart>onyl, p-nitrobenzylox- 
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ycarbonyl, cycloalkytoxycarbonyl, and isopropyloxycarbonyl, ar ev n less labile and require stronger acids, 
such as hydrogen fluoride, hydrogen bromide, or boron trifluoroacetat in trifluoroacetic acid, for their 
removal. 

Among the classes of useful amino acid protecting groups are included: 

5 (1) for an a-amino group, (a) aromatic urethane-type protecting groups, such as fluorenylmethyloxycar- 
bonyl (FMOC). CBZ, and sut)stituted CBZ, such as. e.g.. p-chlorobenzyloxycart)onyK p-nitrobenzylox- 
ycart>onyl. p-bromobenzyloxycarlwnyl. and p-methoxybenzyloxycarlKmyl. o-chlorobenzyloxycarbonyl, 
2.4-dichlorobenzyloxycarbonyl, 2,6Klichlorobenzyloxycarbonyl, and the like; (b) aliphatic urethane-type 
protecting groups, such as BOC. t-amyloxycarbonyl, Isopropyloxycartwnyl, 2-(p-biphenylyl)- 

70 lsopropyloxycart)onyl. allyloxycarbonyl and the like; and (c) cycloalkyi urethane-type protecting groups, 
such as cyclopentyloxycarbonyl. adamantyloxycarbonyl, and cyclohexyloxycarbonyl. The prefenred a- 
amino protecting group is BOC. 

(2) for the side chain amino group present in Lys. protection may be by any of the groups mentioned 
above in (1) such as BOC. p-chlorobenzyk)xycart)onyl. etc. 
75 (3) for the guanidino group of Arg, protection may be by nitro. tosyl. CBZ, adamantyloxycartwnyl, and 
BOC. 

(4) for the hydroxy! group of Ser. Thr. or Tyr. protection may be, for example, by Ci-C* alkyl. such as 
methyl, ethyl, and t-butyl; benzyl (BZL); substituted BZL, such as p-methoxybenzyl, p-nitrobenzyl. p- 
chlorobenzyt, o-chlorobehzyl, and 2.6-dichlorobenzyl. 
20 (5) for the cart)oxyl group of Asp or Glu. protection may be, for example, by esterification using groups 
such as BZL. t-butyl, cyclohexyl, cyclopentyl, and the like. 

(6) for the imidazole nitrogen of His, the tosyl moiety Is suitably employed. 

(7) for the phenolic hydroxyl group of Tyr. a protecting group such as tetrahydropyranyl, tert-butyl, trityl. 
BZL. chlorobenzyl. 4-bromobenzyl, and 2,6-dichlorobenzyl are suitably employed. The preferred protect- 

25 ing group is 2,6-dichlorobenzyr. 

(8) for the side chain amido group of Ash or Gin, xanthyl p<an) is preferably employed. 

(9) for Met. the amino acid is preferably left unprotected. 

(10) for the thio group of Cys, p-methoxybenzyl is typically employed. 

The C-terminal amino acid, e.g.. Lys. is protected at the N-amIno position by an appropriately selected 

30 protecting group, in the case of Lys. BOC. The BOC-Lys-OH can be first coupled to the benzhydrylamine or 
chloromethylated resin according to the procedure set forth in Horiki et al.. Chemistry Letters , 165-168 
(1978) or using isopropylcarbodiimide at about 25 'C for 2 hours with stinring. Following the coupling of the 
BOC-protected amino acid to the resin support, the a-amino protecting group is removed, as by using 
trifluoroacetic acid (TFA) in methylene chloride or TFA alone. The deprotection is carried out at a 

35 temperature between alx)ut O'C and room temperature. Other standard cleaving reagents, such as HCI in 
dioxane and conditions for removal of specific a-amino protecting groups are described in Schroder & 
Lubke, supra. Chapter I, pp. 72-75. 

After removal of the a-amino protecting group, the remaining o-amino and side-chain protected amino 
. adds are coupled stepwise in the desired order. As an alternative to adding each amino acid separately in 

40 the synthesis, some may be. coupled to one another prior to addition to the solid-phase synthesizer. The 
selection of an appropriate coupling reagent is within the skill of the art. Particulariy suitable as a coupling 
reagent is N,N'-dicyclohexyl carbodiimide or dlisopropylcarbodiimide. 

Each protected amino acid or amino acid sequence Is introduced into the solid-phase reactor in excess, 
and the coupling is suitably carried out in a medium of dimethylformamide (DMF) or CHaCb or mixtures 

45 thereof. If incomplete coupling occurs, the coupling procedure is repeated before removal of the N-amino 
protecting group prior to the coupling of the next amino acid. The success of the coupling reaction at each 
stage of the synthesis may be monitored. A preferred method of monitoring the synthesis is by the 
ninhydrin reaction, as described by Kaiser et al.. Anal. Biochem. , 34: 595 (1970). The coupling reactions can 
be periormed automatically using well known methods, for example, a Biosearch 9500 Peptide Synthesizer. 

50 Upon completion of the desired peptide sequence, the-protected peptide must be cleaved from the 
resin sujjport, and all protecting groups must be removed. The cleavage reaction and removal of the 
protecting groups Is suitably accomplished simultaneously or stepwise. When the resin support is a 
chloromethylated polystyrene resin, the bond anchoring the peptide to the resin is an ester linkage formed 
between the free carboxyl group of th C-t rminal r sidue and one of the many chloromethyl groups 

55 present on th resin matrix. H will be appreciated that the anchoring bond can be cleaved by reagents that 
are known to be capable of breaking an ester linkage and of penetrating the r sin matrix. One specially 
conveni nt method is by treatment with liquid anhydrous hydrogen fluoride. This r agent not only will 
cl av th peptide from th resin but also will remov all protecting groups. Hence, use of this reag nt will 
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directly afford th fully deprotected peptid . When th chloromethylated resin is used hydrogen fluoride 
treatment results in the formation of the free peptide acids. When the b nzhydrylamine resin is used* 
hydrogen fluoride treatment results directly in the free peptid amines. Reaction with hydrogen fluoride In 
the presence of anisole and dimethylsulfide at 0 * C for one hour will simultaneously remove the side-chain 

6 protecting groups and release the peptide from the resin. 

When it is desired to cleave the peptide without removing protecting groups, the protected peptide- 
resin can undergo methanolysis to yield the protected peptide in which the C-terminal cartx>xyl group Is 
methylated. The methyl ester Is then hydrolyzed under mild alkaline conditions to give the free C-terminal 
cart)oxyl group. The protecting groups on the peptide chain then are removed by treatment with a strong 

70 acid, such as liquid hydrogen fluoride. A particularly useful technique for methanolysis Is that of Moore et 
al., Pentides , Proc. Rfth Amer. Pept. Symp., Goodman and J. Meienhofer» Eds., (John Wiley, N.Y, 1977), 
p. 518-521, in which the protected peptide-resin is treated with methanol and potassium cyanide in the 
presence of crown ether. 

Another method for cleaving the protected peptide from the resin when the chloromethylated resin is 
75 employed is by ammonolysis or by treatment with hydrazine. If desired, the resulting C-terminal amide or 
hydrazide can be hydrolyzed to the free C-terminal cartx>xyl moiety, ar>d the protecting groups can be 
removed conventionally. 

It will also be recognized that the protecting group present on the N-terminal a-amtno group may be 
removed preferentially either before or after the protected peptide is cleaved from the resin support. 

20 Purification of the polypeptides of the invention is typically achieved using conventional procedures 
such as preparative HPLC or other known chromatographic techniques such as gel permeation, ion 
exchange, partition chromatography, or countercunrent distribution. 

The polymeric polypeptides herein have a number of therapeutic uses, including as agents for the 
prevention of graft rejection, prevention or reduction of autoimmunity, and/or alleviation of inflammatory 

25 reactions, as wound acceleration agents, as immunogens to elicit antibodies that block naturally occuning 
immunosuppressive proteins associated with immunosuppressive activity such as neoplastic or viral 
diseases and that detect the presence of immune or inflammatory disorders when the early appearance of 
peptide-related immunosuppressive proteins or of antitxKlies to such proteins is monitored. 

The diseases or disorders to be treated with the polypeptide polymers in accordance with this invention 

30 include organ allograft rejection and autoimmune diseases. Preferably, such diseases are those that fall 
within Classes II and III as described at)0ve, in particular Inflammatory bowel disease, systemic lupus 
erythematosus (SLE), and rheumatoid arthritis (RA). These disorders are characterized by severe inflamma- 
tion accompanied by unusually elevated collagenase production and tissue destruction, and are generally 
thought to have their origin in an aberrant immune response of an unresolved and pooriy understood nature. 

35 For the immune and inflammatory disease indications, the p)olymeric polypeptides wilt be formulated 
and dosed in a fashion consistent with good medical practice taking into account the specific disorder to be 
treated, the condition of the individual patient, the site of delivery of the polypeptide, the method of 
administration, and other factors known to practitioners. Thus, for purposes hereiri, the "therapeutically 
effective amount" of the polypeptide polymers is an amount that is effective either to prevent, lessen the 

40 worsening of, alleviate, or cure the diseased condition 

The polypeptide polymer is prepared for storage or administration by mixing the polypeptide having tiie 
desired degree of purity with physiologically acceptable carriers, excipients. or stabilizers. Such materials 
are non-toxic to recipients at the dosages and concentrations employed. If the conjugate is water soluble, it 
may be formulated in a buffer such as phosphate or other organic acid salt preferably at a pH of about 7 to 

4$ 8. If the conjugate is not very soluble in water, it may be prepared as a microernulsion by formulating it with 
a nonionic surfactant such as Tween, Pluronics. or PEG, e.g., Tween 80. in an amount of 0.04-0.05% (w/v). 
to increase its solubility. 

Optionally other ingredients may be added such as antioxidants, e.g.. ascorbic acid; low molecular 
weight (less than abovX ten residues) polypeptides, e.g.. polyarginine or tripeptides; proteins, such as serum 

50 albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids, such 
as glycine, glutamic acid, aspartic acid, or arginine,; monosaccharides, disaccharides, and other carbohy- 
drates including cellulose or its derivatives, glucose, mannose, or dextrins; chelating agents such as EDTA; 
and sugar alcohols such as mannitol or sorbitol. 

Th polypeptide polymers to be used for therapeutic administration must be steril . Sterility is readily 

55 accomplished by filtration through sterile filtration membranes (e.g., 0.2 micron membranes). The polypep- 
tid polymer ordinarily will be stored in lyophilized form or as an aqueous solution if it is highly stable to 
thermal and oxidative denaturation. Th pH of th polypeptide polymer pr parations typically will be about 
from 6 to 8, although higher or lower pH values may also b appropriat in certain instances. It will b 
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understood that use of certain of th foregoing excipi nts, caniers, or stabilizers will resuK in the fonmatton 
of salts of the potypeptide polymer. 

Th rapeutic compositions containing the polypeptide polymer generally ar placed into a container 
having a sterile access port, for example, ah intravenous solution bag or vial having a stopper pierceable by 

5 a hypodermic injection needle. 

Generally, where the disorder permits, one should formulate and dose the polypeptide polymer for site- 
specific delivery. This is convenient in the case of rheumatoid arthritis and inflammatory bowel disease. In 
the fonmer case, the polypeptide polymer is fonmulated Into a sterile sustained release composition suitable 
for injection into the synovial fluid or implantation Into the synovial lining or capsule. In one embodiment, it 

70 is administered into a diarthrodial joint In the case of Inflammatory bowel disease, the polypeptide polymer 
is formulated into suppositories with pharmaceutically acceptable oleaginous substances as is generally 
known in the art 

Sustained release fomnulations will be selected from the classes of microcapsular particles and 
implantable articles. Liposomal encapsulation is not preferred for injection directly Into the synovial cavity in 

75 rheumatoid arthritis because it entails the introduction of lipid into the joint. However, liposomal encapsula- 
tion is suitable for implantation of sustained release polypeptide polymer into the synovial capsule. For the 
treatment of rheumatoid arthritis using sustained-release polypeptide polymer compositions, the polyrner is 
preferably incorporated into a biodegradablis matrix or microcapsule. A suitable material for this purpose is 
a polylactide, although other polyrhers of poly-(a-hydroxycarboxylic acids), such as poly-D-(-)-3-hydrox- 

20 ybutyric acid <EP 133.988A), can be used. Other biodegradable polymers include poly(lactones), poly- 
(acetals), poly(orthoesters), or poly(orthocarbonates). The initial consideration here must be that the carrier 
itself, or its degradation products, is nontoxic in the target tissue and will not further aggravate the disease. 
This can be determined by routine screening In animal models of the target disorder or. if such models are 
unavailable, in normal animals. 

25 For examples of sustained release compositions, see U.S. Patent No. 3,773,919. EP 58.481 A, U.S. 
Patent No. 3.887.699, EP 158,277A, Canadian Patent No. 1176565, U. Sidman et al., "Biopolymers" 22:547 
[1983]. and R. Langer et al.. "Chem. Tech.* 12:98 [1982]. 

The dosage to be employed is dependent upon the factors described above. As a general proposition, 
the polypeptide polymer is formulated and delivered to the target site or tissue at a dosage capable of 

30 establishing in tiie tissue a polypeptide polymer level greater than about 0.1 ng/cc up to a maximum dose 
that is efficacious but not unduly toxic. This intra-tissue concentration should be maintained if possible by 
continuous infusion, sustained release, or injection at empirically determined frequencies. 

The prefenred polypeptide polymer concentration in synovial fluid will be greater than about 0.1% of 
synovial fluid. Since RA synovial fluid can be present In amounts up to 50 ml, for example in a knee joint, 

35 the actual amount of polypeptide will depend upon its dilution into the synovial fluid as well as the 
empirically detennined losses of the polypeptide polymer to endogenous proteases and leakage into the 
general circulation. Thus, it is best to evaluate the efficacy of the initial dosage protocol by withdrawing 
synovial fluid samples for the appropriate biological assay of the polypeptide during early stages of 
treatment to determine the proper dosage regimen. 

40 The polypeptide polymers herein also are useful when administered by bronchial lavage or intravenous 
injection to patients with adult respiratory distress syndrome or septic shock. 

It is within the scope hereof to combine the polypeptide polymer therapy with other novel or 
conventional therapies (e.g.. growtt) factors such as EGF or TGF-a) for the disorders in question. For 
example, in tiie case of rheumatoid arthritis, the polypeptide polymer therapy may be delivered in concert 

45 with other anti-inflammatory substances such as salicylate, nonsteroidal anti-inflammatory drugs, penicil- 
lamine, gold salts. TNF-o or Jf^f-fi antagonists, gamma-interferon antagonists, and/or IL-1a/^ antagonists It 
is not necessary that such cotreatment drugs be included per se in tiie compositions of this invention, 
although this will be convenient where such drugs are proteinaceous such as in the case of antagonists to 
the activity of gamnria-interferon, TNF-a. IL-1tt/^, and TNF-^ (amino acid sequence variants or neutralizing 

50 antibodies). 

Since the polypeptide herein are. in general, related to immunosuppressive proteins, they are also 
useful as immunogens to elicit antibodies capable of blocking the immunosuppressive activity associated 
with or caused by such immunosuppressive proteins, e.g.. TGF-^. Examples of such activity include 
n oplastic or viral disorders. For making immunogenic p ptides capabi of eliciting antibodies to the 
55 immunosuppressiv proteins, the polypeptides are typically not immunosuppressive, either because they 
are in monom ric form or because they are modified, to be so. This modification can be performed by 
substituting on or more of the amino acids within th polypeptid polymer sequence to obtain nort- 
immunosuppr ssiv immunog nic forms of tii polypeptides. The proper amino acids to be modified can be 
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tested simpty by making the substitution and testing the resuttant polypeptide for the relevant activity. 

The antibodies are obtained generally by injecting a mouse or other appropriate host animal with th 
relevant immunogen and then sacrificing the host animal. The resulting antibody-producing cells, taken, 
e.g., from its spleen or lymphoid tissue, are cultured so as to produce antit>odies. which are then Isolated. 

5 Preferably, the antibodies herein are monoclonal antit)odies. and more preferably human monoclonal 
antibodies. Monoclonal antibodies are generally obtained by the somatic cell hybridization procedure 
described by Milstein et al., Nature , 256 : 495-497 (1975) and Koehler et al.. Eur. J. Immunol. , 6: 511-519 
(1976). Basically, in ttiis procedure the antibody-producing ceils obtained as described above are fused with 
appropriate selectable cancer (myeloma) cells using a suitable fusogen such as polyethylene glycol to form . 

10 a hybridoma Preferred myeloma cells are those that fuse efficiently, support stable high-level expression of 
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. 
Examples of such myetoma cell lines are murine myeloma lines such as those derived from MOPC-21 and 
MPC-11 mouse tumors available from the Salk Institute Cell Distribution Center in San Diego, Caltfomia. 
the hybridomas thus prepared are washed to remove the fusogen and then seeded and grown in the 

f 5 selective media such as HAT to select only those hybridomas resistant to ttie medium and immortal. . 

The hybridomas thus selected are screened for production of individual antibodies directed against tiie, 
specific antigens by. e.g., radioimmunoassay and/or enzyme Immunoassay and are generally screened for; 
affinity by similar techniques. Positive ctones ttiat produce antibodies that bind to different epitopes of av 
given immunosuppressive protein may be selected, in one technique by illustration only, by incubating the; 

20 protein first with unlabeled antibody from one of the clones and next with labeled antibody from another 
clone to determine whether binding of the labeled antibody was blocked by binding of tiie unlabeled 
antibody. " 

It is noted that the labeled monoclonal antibodies of this invention may not only be whole im- 
munoglobulin, but may also t>e monovalent or divalent fragments of the antibodies that bind to the antigen. 

25 Such fragments are suitably prepared by digesting the monoclonal antibody desired with suitable enzymes 
and isolating the desired fragment firom the digest. 

After tiie hybridomas are screened to isolate Individual clones that secrete the antibodies having tiie 
desired specificity, reactivity, and affinity, if relevant, the clones may be subcloned by limiting dilution 
procedures and grown by known procedures. The monoclonal antitxxties secreted by the sutx:lones may 

30 be separated from the culture medium, ascites fluid, or serum by conventional immunoglobulin purification' 
procedures such as, e.g., ammonium sulfate precipitation, gel electrophoresis, dialysis. DEAE cellulose, 
chromatography, or affinity chromatography. 

In another use aspect, the polypeptides herein are useful as immunogens to develop antibodies that 
can be coupled to appropriate surfaces for use in extracorporeal absorption to remove immunosuppressive 

35 proteins from body samples of patients afflicted with a disease associated with such proteins. Thus, one of 
the methods herein involves first identifying the responsible immunosuppressive protein, and ttien contact- 
ing the protein witti an antit)ody that will neutralize tt)e protein, preferably an immobilized antibody. For 
example, if the Immunosuppressive protein is in the sera of the patient, the antibodies purified from the 
immunized hosts are suitably coupled to solid-phase niatrices suitable for use in well known extracorporeal . 

40 devices such as those currently used for plasmapheresis. 

The polypeptide polymers herein are also useful in developing diagnostic tests for the appearance of: . 
immunosuppressive proteins in the body samples of patients with disorders associated with such proteins. 
For example, antibodies to ttie immunosuppressive polypeptides are suitably screened for in tiie serum of 
patients at risk. Alternatively, using antibodies to such polypeptide polymers, one screens for immunosup- 

45 pressive polypeptides in the circulation of at-risk patients. Detection of antibody as well as circulating 
antigen can be canried out through the use of well known solid-phase ELISA assays (e.g., tiie forward, 
reverse, and simultaneous immunometric assays described in U.S. Pat. No. 4.376.110) or other jmmunoab- 
sorption techniques, including Westem blotting and radioimmunoprecipitation. The detection of circulating 
immunosuppressive activity would be folk)wed by tareatment to remove such circulating immunosuppressive 

50 proteins ttirough immunoabsorptive techniques using the antibodies immobilized to supports. 

In one particular embodiment, a solid phase support immobilizing unlabeled monoclonal antibodies 
directed against an immunosuppressive protein, tiie patient sample to be tested (preferably in a buffer), and 
the labeled monoclonal antibody directed against the protein in a buffer are mixed togettier and simulta-. 
neously incubated for at)out 30 minut s to about two hours at ambi nt temperature to 37 * C. Th r suiting 

55 mixture is then washed with buffered solution appropriate for th particular ingredients t>eing added. Th 
washed mixture is th n subjected to a detection means for the label, such as, e.g., orthophenylenediamin 
for horseradish peroxidase, phenolphthalein monophosphate for alkalin phosphatase, or p-nitrophenyl beta- 
D-galactopyranoside for beta-galactosidas to form a colored product that can be detected by its absor- 
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bance r visible color change, or fluor sconce for the fluor scent lat)els. If a substrate is mployed to 
detect an nzyme. a solution of the substrate is suitably added to the washed assay and the mixture then 
incubated for 15 to 30 minutes at 25*37 *C. Then a solution that terminates th enzyme action such as an 
acid may be added and the absort)ance of the solution measured shortly thereafter to determine the amount 
5 of bound antigens. 

In another assay procedure, the solid-phase support immobilizing the unlabeled antibody and the 
patient sample are mixed together, incubated as described above, and then aspirated. To the aspirated 
mixture is then added the labeled antibody and the resulting mixture is incubated as described above for 
the simultaneous assay. The mixture is then washed with appropriate buffer solution, and the washed 

10 mixture is then subjected to appropriate detection means for the label as described above. 

For preparing labeled antibodies, any method may be employed. Including those methods described by 
U.S. Pat Nos. 3,940,475 (fluorimetry) and 3,645,090 <enzymes), Hunter et al.. Nature , 144: 945 (1962), 
Dayid et al.. Biochemistry , 13: 1014-1021 (1974), Pain et al., J. Immunol. Methods , 40: 219-230 (1981), and 
Nygren, J. Histochem. and Cytochem. . 30: 407-41 2 (1 982). 

15 For preparing immobilized antibodies for physically extracting ttie immunosuppressive protein from the 
sample, any suitable method Is employed. The support or carrier on which ttie antibodies are immot)ilized 
is generally essentially water-Insoluble and may be any support known to be useful In immunometric 
assays, including supports In the form of, e.g., surfaces, particles, porous matrices, etc. Examples of 
commonly used supports include filter paper, Sephadex. polyvinylchloride. plastic beads or test tubes 

20 manufactured from polyethylene, polypropylene, polystyrene, and tt)e like, agarose, crosslinked dextran, 
other polysaccharides, etc. 

The method for conjugating the support to tiie antitXKlies, which may occur before or during the assay 
as desired, is achieved by chemically or physically binding the antibody to an essentially water-insoluble 
surface, matrix, or body. The method descrit)ed in U.S. Pat. No. 3.645,852 or in Rotmans et al.. J. Immunol. 

25 Meth. . 57: 87-98 (1983) for conjugating a single antibody to a support is suitably employed. 

Yet another use of the invention is in the treatment of periodontal disease, orthopedic implants, 
cutaneous bums, chronic wounds, ulcers, and non-union bone fractures. The polypeptide polymers herein 
are small and diffusible so that they can be easily released in a topical format in an effective amount to the 
desired site. The topical formulation includes administration by means of ointments, creams, lotions, gels. 

30 salves, skin patches, and bandages such as impregnated adhesive bandages. The topical fonmulations 
particulariy preferred herein are creams, salves, skin patches, and bandages. "Effective amount" in this 
context is the amount necessary to accelerate wound healing in the animal over the rate that would occur 
without treatment. 

If the polypeptide formulation is to be applied topically to the wound. It is preferable to use a viscous 
35 solution such as a gel rather than a non-viscous solution. This may be accomplished, for example, by 
mixing tiie solution of the polypeptide polymer with a gelling agent, such as a polysaccharide, preferably a 
water-soluble polysaccharide, such as, e.g., hyaluronic acid, starches, and cellulose derivatives, e.g.. 
methylcellulose. hydroxyetiiyl cellulose, and carboxymethyl cellulose. The polysaccharide is generally 
present in a gel formulation in the range of 1-90% by weight of the gel, more preferably 1-20%. Examples 
40 of other suitable polysaccharides for this purpose, and a determination of the solubility of the polysac- 
charides, are found in EP 267,015, published May 11. 1988, the disclosure of which Is incorporated herein 
by reference. 

The invention will be more fully understood by reference to the following examples. They should not, 
however, be construed as limiting the scope of the invention. 

45 

EXAMPLE I 
A. Polypeptides 

50 A polypeptide chain of the sequence Cys-Val-Arg-Gln-Leu-Tyr-lle-Asp-Phe-Arg-Lys-Asp-Leu-Gly-Trp- 
Lys was synthesized via solid-phase syntiietic metiiodotogy in accordance with Barany, G. and Merrifield. 
R.B. in The Peptides . 2: 1-284, Gross, E. and Meinhofer, J., Eds., (New Yort<: Academic Press. 1980). The 
polypeptide was synthesized using N-t-butyloxycarbonyl protocols. The following side chain protection was 
used: Lys, o-chlorobenzyloxycarbonyl; Asp. cycloh xyl ester; Arg. tosyl; Tyr. 2,6-dichlorot)enzyl; Gin, 

55 xanthyl; Cys. methylbenzyl. Cleavage from the resin and removal of all th protecting groups was 
accomplished by treatm nt with anhydrous liquid hydrogen fluorid in th pr sence of anisole and 
methyletiiylsulfide (20:3:3) at 0 * C for one hour. 



15 



EP 0 473 649 B1 



Crude pepttd was remov d from the r sin with 10% aqueous acetic acid and lyophilized. The peptid 
was purified via HPLC n Vydac CI 8 using a water-acetonitrile/0.1% trifluoroacetic acid fTFA) lution 
system. The polypeptide was lyophilized and th n tak h up in water at a concentration of 10 mg/ml. The pH 
was adjusted to 8.5 with ammonium hydroxide. The polypeptide immediately started to precipitate. Stining 
5 continued for 12 hours. TFA was added to adjust the pH to 2.0 and the polypeptide was lyophilized and 
repurified by HPLC or was repurified by HPLC directly. This resulted in polypeptide free from excess salts. 

The polypeptide so prepared was coupled to human serum albumin (HSA; Sigma, St Louis. MO) using 
cartxKliimide by the following method: the polypeptide (1.0 mM) and HSA (0.03 mM) were mixed in 0.1 M 
1-ethyl-3-(3-dimethylaminopropyl)cartxxJiimlde HCI for ca. 10 hr. at 22*C and pH 5.0. An equal volume of 
10 1.0 M glycine was added, and the mixture was rotated overnight at 4*C and then extensively dialyzed 
against Hank's Balanced Salt Solution containing 10 mM HEPES buffer and adjusted to pH 72, HSA alone 
was processed in an Identical manner and used as an additional control. 

B. Assays and Results 

15 

1. Inhibition of Proliferation of Cultured Mink Lung Cells (Rg. 1) 

The cell line Mu-1-Lv (ATCC CCL 64. Rockville. MD), a mink lung epithelial-like cell, was used to detect 
TGF-^ activity. MuH-Lv cells maintained by weekly passage in vitro in CMEM consisting of Eagle's 

20 minimum essential medium supplemented with 0.1 mM nonessential amino acids. 2 mM L-glutamine. 1 MM 
sodium pyruvate (Gibco. Grand Island, NY), and 10% heat-inactivated fetal bovine serum (FBC; Hy Clone 
Laboratoris. Logan, UT) were placed into 96-well flat-bottom microtiter plates (10.000/well; Falcon 3075) at a 
final volume of 200 ul/well. The plates were incubated at 3yc + 5% CQz for 24 hours. During the last 4 
hours of culture. 1 uCi of [3H]thymidine (20 ul/well, 5.0 Ci/mmol; Amersham Corp.) was added. After 

25 labeling, 100 ul/well of 10 x Trypsin-EDTA was added per well and the plates were incubated for an 
additional 15 min. at 37 *C. Cells were harvested onto glass filters and counted in a liquid scintillation 
counter (LS 6800, Beckman, Fullerton. CA). Results (pg/ml of TGF-j?) were calculated based on percent 
inhibition of thymidine incorpK»ration compared with a rHuTGF-/3i laboratory standard. 

Rgure 1 shows the cpm incorporated as a function of ttte redprocal of dilution for tiie TGF-0 peptide 

30 conjugated to HSA (black), the HSA control (slashes), and unconjugated TGF-^ peptide (checks). The 
activities of both the free polypeptide and the HSA-conjugated polypeptide were found to t>e comparable. 

1. e., low at the tow dilution level and high at the high dilution levels. 

2. Stimulation of PGE2 Production From Rbroblasts (Rg. 2) 

36 

Three to four days before assay WI-38 human fibroblasts (from the American Type Culture Collection, 
Rockville, MD) were seeded in 96-well flat-bottom plates. On ttie day of the assay IL-1 was diluted to 2 u/ml 
in assay medium (modified Eagle's medium with 10% fetal twvine serum. L-glutamine, and penicil- 
lin/streptomycin (Gibco, Grand Island. NY). Samples to be tested were diluted 1:1 witti ttie IL-1. To each of 
40 duplicate wells of tiie WI-38 cells was added 100 ul of sample. The plates were incubated ovemight at 
37 *C with 5% carbon dioxide. Supematant from each well was collected for assay of amount of PGE2 
released. Thus, twenty ul of each supematant was added to 80 ul of RIA assay buffer and \he diluted 
supernatant was assayed for PGE2 according to the directions of the supplier (PGE2 RIA kit, DuPont NEN, 
cat. # NEK-020). 

45 Rg. 2 illustrates the results for each sample, witii ttie designations indicated as follows, from left to right 
in ttie graph in ttie figure: TGF-^, 250 ng/ml (solid bar), TGF-iS peptide conjugated to HSA diluted 1:10 (dark 
diagonal bar), TGF-^ peptide conjugated to HSA diluted 1:20 (light crosshatched bar). HSA alone diluted 
1:10 (light diagonal bar). HSA diluted 1:20 (white bar), TGF-iJ peptide, 100 uM (dark crosshatched bar), 
TGF-/5 peptide, 50 uM (horizontally lined bar), TGF-iS dimer. 100 uM (medium dotted bar), JGf-fi peptide 

50 dimer. 50 uM (Uiin diagonal lines on white background bar), and cells atone as control (light dotted bar). 
The results show ttiat ttie conjugated peptides and peptide dimers are ttie most active in ttiis 

bioassay to stimulate PGE2 production from fitwroblasts. The HSA control and cells alone were inactive. 

3. Radioreceptor Binding Assay (Rg. 3) 

55 

Th appropriate number of 24-weII tissue cultur plates wer placed in an incubator. Frozen A549 
(human lung carcinoma) cells obtained from ttie American Typ Cultur Collection, Rockvill , MD (low 
passag ) w r thawed, and th resultant near confluent A549 monolayers w r treated with trypsin und r 
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standard conditions to wash the cells that adh red to the flasks. Then the flasks were rinsed with growth 
medium (prepared by adding to 50 ml calf serum an amount t constitute 1 .0 liter of a medium prepared by 
mixing 10 ml L-glutamine, 200 mM or 100 x, sterile (Gibco). 10 ml sodium pyruvate, 100 mM or lOOx. 
sterile (Git>co), and high glucose Dulbecco*s Modified Eagle Medium to 1 .0 liter). The cells were pipetted up 

5 and down to obtain an even cell suspension. The cells were then counted. 

A cell suspension was prepared by adding 1 ml of the cells to each well of all of the plates. Seeding 
density was 1.7-2.0 x 10^ cells/ml. The vessels containing the cell suspension were rinsed with growth 
medium and the rinse was discarded. A total of 1 ml of the growth medium was added to the wells of 
column 6 of plate #3. This was used as the cell-free blank. 

10 The cell suspension was prepared using the growth medium and filling the remaining wells of each 
plate with 1 ml per cell. The cells were kept stirred while being added to the plate. The suspensions were 
incubated for 1&-26 hours at 37'C with 5% COz to obtain 90-95% confluency. The media were aspirated 
from the cell plate. One ml of assay diluent was added to all the wells of the cell plate. Assay diluent was 
prepared by mixing 8.5 ml 5 M NaCI, 0.1% w/v 10% bovine serum albumin (BSA)» prepared, if used for 

75 washing plates, by mixing BSA (Sigma RIA grade) at 100 g with deionized water to 1.0 liter or. If used for 
diluting standards, samples, and tracer, by mixing BSA ((Schwarz/Mann Biotech) at 100 g with deionized 
water to 1.0 liter, 25 ml of 1.0 M HEPES. and sufficient assay medium to bring the total to 1.0 liter, assay 
medium being Ham's F- 12 without GHT:low glucose Dulbecco's Modified Eagle Medium without NaHCOa, 
without glycine 50:50/0.1% bovine serum albumin/25 mM HEPES buffer/42.5 mM sodium chloride. Each 

so plate was swiried by hand gently and the assay diluent was immediately aspirated from the cell plate. The 
cell plates were covered and incubated at ambient temperature for 20 to 30 minutes. 
Eleven 12 x 55 mm dilution tut>es were lat)eled as follows: 



l^el 


Contents 


NSB 


NSB tube 


REF 


Reference (maximum binding) tube 


ST1 


25.0 ng/ml standard 


ST2 


12.5 ng/ml standard 


ST3 


6.25 ng/ml standard 


ST4 


3.12 ng/ml standard 


ST5 


1 .56 ng/ml standard 


ST6 


0.78 ng/ml standard 


ST7 


0.39 ng/ml standard 


ST8 


0.195 ng/ml standard 


BLK 


Cell-free blank tube 



A total of 0.975 ml of assay diluent was added to tube ST1. To the remaining tubes was added 0.5 ml 
assay diluent. A total of 10 ul of recombinant full-length mature TGF-^ in 4mM HCI and 1% w/v BSA was 
pipetted into tube NSB. A different lot of full-length mature TGF-fi in 4mM HCI and 1% w/v BSA (standard 
stock) was diluted in accordance with the following schedule, where "standard stock r is obtained by 
diluting the TGF-^ standard stock 1:5 with assay diluent (i.e.. 20 ul standard stock and 80 ul assay diluent): 



50 



Standard 


ng/m! 


Standard to Add 


Assay Diluent to Add 


A 


25.0 


25 ul standard stock 1 


975 ul 


B 


12.5 


0.5 ml std A 


0.5 ml 


C 


6.25 


0.5 ml std B 


0.5 ml 


D 


3.12 


0.5 ml std C 


0.5 ml 


E 


1.56 


0.5 ml std D 


0.5 ml 


F 


0.78 


0.5 ml std E 


0.5 ml 


G 


0.39 


0.5 ml std F 


0.5 ml 


H 


0.19 


0.5 ml std G 


0.5 ml 



55 

A total of 0.5 ml was r moved and discarded from tube H. The TGF-^ peptide dimer was diluted 
similarly such that the final concentrations of TGF-j3 dim r ranged from 6.25 to 100 uM. 
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Th TGF-fi control stock (yet a different lot of recombinant full-length mature TGF-/J in 4MM HCI and 
1% w/v BSA) was diluted in accordance with the following schedule, with "control stock 1" referring to 
dilution of the TGF-^ control stock 1:5 with th assay diluent (i- •* 20 ul contr I stock and 80 ul assay 
diluent: 



Control 


ng/ml 


Control to Add 


Assay Diluent to Add 


A 


10 


10 ul control stock 1 


990 ul 


B 


5 


0.5 ml of A 


0.5 ml 


C 


2.5 


0.5 ml of B 


0.5 ml 


D 


^2 


0.5 ml C3 of C 


0.5 ml ' 


E 


0.6 


0.5 ml C4 of D 


0.5 ml 


F = blank 


0 


0 


0.5 ml 



A total of 0.5 ml was removed and discarded from tube E. 

The tracer ^^si was diluted in the assay diluent to 20.000 cpm/ 100 ul (at iodination) and 0.5 ml of the 
diluted tracer was added to all tubes. The resulting samples were mixed gently. A total of 100 ul of the 
diluted tracer was pipetted into each of four counting tubes (12 x 75 mm polypropylene round-bottom 
tubes) for use as Total Count tubes. These tubes were set aside until calculation/assay analysis. 

The assay diluent was aspirated from the cell plates. A total of 200 ul. in quadruplicate, of the NSB. 
REF. standard dilutions of TGF-)3, TGF-j3 controls, blank, and TGF-^ peptide standard dilutions were 
transferred from the dilution tubes to the appropriate wells of the cell plates. The plates were covered with 
plate sealers and incubated for 2 hours at ambient temperature, with gentle rocking on a rocker platform. 

A total of 1 ml of tracer wash buffer ((PBS/0.1% BSA prepared from 10 ml 10% BSA and PBS to a total 
of 1 .0 liter) on ice was added to all wells, and all wells were aspirated. The steps of adding 1 ml of tracer 
wash buffer and aspirating were canried out three more times for a total of four 1-ml washes. All wells were 
aspirated completely; the plates were covered and set aside. A total of 0.75 ml solubilization buffer (10% 
glycerol/10% TritonX-1 00/25 mM HEPES, prepared by adding 200 ml 50% glycerol, 100 ml Triton X-100. 
25 ml of 1.0 M HEPES. and deionized water to reach a total of 1.0 liter) was added to each well. All plates 
were incubated for 30 min. at 37 •C on a plate rotator. The entire contents of each well was transferred into 
a counting tube, and all tubes were counted on a gamma counter for 5 minutes each. 

The sample concentration of TGF-/? was determined using a four-parameter logistic curve-fitting 
program with the data for the TGF-^ standard dilution samples, so that the percent labeled TGF-^ bound 
could be determined. 

As shown in Rg. 3, tiie conjugated polypeptide was found to block the binding of radiolabeled TGF-^ to 
its receptor, and was increasingly effective at blocking with increasing concentrations. 

4. Inhibition of Proliferation of Human Lymphocytes in Response to Tetanus Toxoid (Rg. 4). PMA (Hg. 5). 
and PHA (Fig. 6) 

The medium employed was complete RPMI-1640. i.e., RPMI-1640 (Gibco) supplemented with 10% 
human pooled AB serum (Hazelton Biologies Inc.. Lenexa, KS), 1(K) u/ml penicillin/100 ug/ml streptomycin, 
2 mM L-glutamine (Gibco), 1 mM sodium pyruvate (Gibco), 1% MEM non-essential amino acids (Gibco, 
lOOx). 25 mM HEPES (Gibco). and 1% Nutridoma (Boehringer Mannheim). 

Heparinized venous blood (10 u/ml; bovine lung. Upjohn) was mixed with an equal volume of Isotonic 
saline. Approximately 30 ml of the diluted blood was layered over 15 ml of lymphocyte separation medium 
(LSM, Organon Technika) in 50-m conical polypropylene centrifuge tubes (Falcon Plastics). The tubes were 
centrifuged for 40 min. at 400 x g at 22*C. The mononuclear cell layer at the plasma-LSM interphase was 
carefully removed into a 50-ml conical tube to which at least an additional five volumes of ice-cold Hank's 
Balanced Salt Solution (HBSS. Gibco, 10 mM HEPES buffer, pH 7.4) was added. The cells were ttien 
washed three times with HBSS by centrifugation for 15 min. at ZOO x g at 4*C. The cells were tiien 
resuspended in complete RPMI- 1640 and both a total and differential cell count was performed. The 
concentration of cells was adjusted to 1 x 1 0^ lymphocytes per ml. 

To ach of sextuplicat wells of a 98-well flat-bottom microtiter plate (Falcon Plastics) was added 100 ul 
of th c II suspension. Fifty ul of medium or medium containing th test article was added to th cells. An 
additional 50 ul of either m dium alone or medium containing th appropriat mitogen (PHA-P. 1 ug/ml, 
Sigma; PMA. 40 ng/ml. Calbioch m; tetanus toxoid. 2 LF units/ml. Stat Lab Inst., Jamaica Plain, MA) was 
added to tii appropriat w Ms and ttie plates were incubated for three days (PMA and PHA) or six days 
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(tetanus toxoid) at 37* C in humidified 5% CQz. For th final six hours of incubation, an additional 50 ul of 
medium containing 0.5 uCI of ^H-thymidrne (Am rsham, 40-60 Ci/mmol) was added and the cultured cells 
were harvested onto glass-fiber filter discs using an automated multiple sample harvester. The filter discs 
were dried and suspended in 2 ml of liquid scintittation cocktail (Econofluor, New England Nuclear) in mini- 

5 sdntillation vials and incorporated radioactivity determined by liquid scintillation spectrophotometry. Data 
were expressed as mean counts per min. of the quadruplicate samples, where the cpm of the media control 
was subtracted from the cpm of the stimulated sample. 

The synthetic TGF-$ polypeptide herein was ifound to Inhibit the proliferation of human lymphocytes in 
response to tetanus toxoid (Rg. 4), PMA (Fig. 5)» and PHA-P (Rg. 6), in a dose-dependent manner. Mature, 

JO full-length TGF-^1 also exhibits this dose-dependent effect, suggesting that the synthetic polypeptide 
represents all or part of the active site of TGF-/51. 

5. Inhibition of Human Monocyte Chemotactic Response (Rg. 7) 

IS Human mononuclear cells were Isolated from heparinized venous blood of normal human volunteers. 
The heparinized venous blood was mixed 1:1 with 3% dextran (T500 Pharmacia, PIscataway, NJ) and 
sedimented at room temperature for 30 minutes. A mononuclear cell band was isolated on lymphocyte 
separation medium (Organon Teknika Corp.. Durham. NC) and washed twice in saline. Cells were counted 
with a hemacytometer and the monocyte concentration was determined by staining for myeloperoxidase. 

20 Cells were then resuspended to 7.5 x 10^ monocytes/ml in RPMI-1640 medium with L-glutamine (Hazetton 
Biologies Inc.), containing 25 mM HEPES and 0.5% bovine serum albumin (BSA). 

Inhibition of chemotaxis was assayed in a 48-well micro-chemotaxrs chamber (Neuro Probe. Inc., Cabin 
John. MD). Monocytes were preincubated with medium or the TGF-0 polypeptide dimer diluted in medium 
at room temperature for 30 minutes. (All dilutions were made in RPMI-1640 medium with L-glutamine 

25 containing 25 mM HEPES and 0.5% BSA.) The mixture was then added to the top compartment of the 
chemotaxis chaml>er. The lower compartment contained the chemoattractant N-formyl-methionyl-leucyl- 
phenylalanine (FMLP. in separate experiments at 10"^ and 10"^ M) (Sigma, St. Louis, MO). A polycar- 
bonate filter (5.0 um pore size. Millipore Corp., Bedford, MA) separated the compartments. Chambers were 
Incubated for 00 minutes at 37 * C. After incubation, the chambers were disassembled quickly and the filters 

30 were stained using Dtff-Quik (American Scientific Products. McGaw Park, IL). The filters were then mounted 
on slides using Immersion oil. Slides were read by counting the number of cells that had migrated through 
the filter in five-4Px fields per well. 

The number of monocytes as a function of polypeptide concentration is plotted in Rgure 7 for FMLP at 
tiie two concentrations and for the response of tiie polypeptide. The results show that the peptide Inhibits 

35 monocyte chemotaxis in response to FMLP, similarly to what is seen for FMLP at concentrations of 10"^ M. 

EXAMPLE III 

Groups of ten DBA/IJ male mice (Jackson Lat)oratories) each are injected sutxnitaneously with 100 ug 
40 chicken collagen Type II in complete Freund*s adjuvant (CFA) on day 0. The mice are boosted with 100 ug 
chicken collagen Type II intraperitoneally in CFA on day 28. The mice are eitiier untreated with the HSA- 
conjugated polypeptide of Example I or treated Intravenously from days 0-4 witii 5 ug of the conjugated 
polypeptide or from days 7-11, or 14-18, or 28-32, or various combinations thereof witii 2 ug of the 
conjugated polypeptide. The incidence (number of joints affected and severity of involvement) of collagen 
45 Type IHnduced arthritis on days 37, 42, 49. 55, and 62 is measured on a scale of 0 to 4+, with 4+ 
representing significantiy increased joint swelling. The Incidence of arthritis in every treatment with the 
conjugated polypeptide is less than with the control, when compared on the same day, except the 2 ug 
treatment at days 7-1 1 . which shows similar results to the control at days 49 and 55. 

50 Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1. A polypeptide comprising an amino acid sequence of the formula: 
X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-GIy-Trp-K, 
55 wher in: 

X is Cys or a crosslink r moi ty or a polypeptide that has at its C-terminus a Cys. and that, if greater 
than 15 r sidues. does not have the sequence of mature or precursor TGF-j9 at a homologous location 
in the mature or precursor TGF-i9 molecul ; 
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A is Val or Leu; 
B is Pro or Gin; 
H is Arg r Lys; 
I Is Lys, Arg, Gin; and 

5 K is Lys or a polypeptide that has at its N-terminus Lys. and that If greater than 15 residues, does not 
have the sequence of mature or precursor TGF-^ at a homologous location In the mature or precursor 
TGF-^ molecule; and physiologically acceptable salts or esters thereof; provided, however, that the 
polypeptide excludes (a) a fulHength mature TGF-i9 molecule or precursor TGF-i9 molecule or deletion 
variants of mature or precursor TGF-jJ molecules in which from about 1 to 10 amino acid residues have 

10 been deleted; (b) a polypeptide of the sequence: 



deleted; (b) a polypeptide of the sequence: Cys-Val- 
« Arg-Gln-Leu-Tyr- Ile-Asp-Phe-Arg-Lys-Asp-Leu-Gly-Trp- 

Lys 

20 and (c) a polypeptide of the sequence: 

Arg-Asn- 

^ Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-Ile-Asp- 
Phe-Arg-Gln-Asp-Leu. 



30 2. The polypeptide of claim 1 comprising an amino acid sequence of the formula; 



Cys-A-Arg-B-Leu-Tyr-Ile- 
^® Asp - Phe - H - 1 - Asp - Leu - Gl y - Trp - Lys 

wherein: 
A is Val or Leu; 
40 B is Pro or Gin; 

H Is Arg or Lys; and 
I is Lys. Arg. or Gin. 

3. The polypeptide of claim 1 wherein K is a polypeptide having Its N-terminal amino acid followed by the 
45 sequence L-M-N. 

wherein; 

L is Gly, Leu. Glu. Gin. or Ala; 
M is Trp. Glu. Gin. or Asp; and 
N is Lys, Gly, or Gin. 

50 

4. A polypeptide polymer comprising at least two of tiie polypeptides of claim 1 crosslinked to each other. 

5. The polypeptide polymer of claim 4 wherein two of the polypeptides are crosslinked Uirough the 
cysteine residu in th giv n polyp ptid sequence. 

55 

6. The polypeptid polymer of claim 5 wherein each polypeptide compris s an amino acid sequence of 
ttie fonmula: 



20 



EP 0 473 649 B1 



Cys-A-Arg-B-Leu-Tyr-Ile-Asp"Phe-H-I-Asp-Leu-Gly-Trp- 
Lys 

wherein: 

A is Val or Leu; 
B is Pro or Gin; 
H Is Arg or Lys; and 
I is Lys. Arg or Gin. 

7. A polypeptide according to claim 1 for the treatment of an immune or inflammatory disorder. 

& Use of a polypeptide according to claim 1 in the manufacture of a medicament for the treatment of an 
immune or inflammatory disorder. 

9. A monoclonal antibody specific for the polypeptide of claim 1 . 

10. The monoclonal antibody of claim 9 that neutralizes at least one immunosuppressive protein. 

11. Use of a polypeptide according to claim 1 in the manufacture of a medicament for application to a 
wound in an animal. 

12. A process for obtaining a therapeutically biologically active polypeptide comprising the steps of 
assaying a monomeric polypeptide and determining that it is not tfierapeutically biologically active and 
crosslinking the monomeric polypeptide at one of its termini witii at least one polypeptide chain 
honriologous to the monomeric polypeptide, so as to iom a polymer of the monomeric polypeptide, 
wherein said monomeric polypeptide comprises an amino acid sequence of the formula: 
X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K. 

wherein: 

X is Cys or a crosslinker moiety or a polypeptide tiiat has at its C-terminus a Cys, and that, if greater 

than 15 residues, does not have the sequence of mature or precursor TGF-0 at a homologous location 

in tiie mature or precursor TGF-i5 molecule; 

A is Val or Leu; 

B is Pro or Gin; 

H is Arg or Lys; 

I is Lys, Arg, Gin; and 

K is Lys or a polypeptide that has at its N-terminus Lys, and tiiat, if greater ttian 15 residues, does not 
have the sequence of mature or precursor TGF-^ at a homologous location in the mature or precursor 
. TGF-^ molecule; and physiologically acceptable salts or esters thereof; provided, however, tiiat tite 
polypeptide excludes (a) a full-length mature TGF-^ molecule or precursor TGF-i5 molecule or deletion 
variants of mature or precursor TGF-^ molecules in which from about 1 to 10 amino acid residues have 
been deleted; (b) a polypeptide of the sequence: 

Cys-Val- 

Arg-Gln-Leu-Tyr-Ile-Asp-Phe-Arg-Lys-Asp-Leu-Gly-Trp- 
and (c) a polypeptide of the sequence: 
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Arg-Ash- 

Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-Ile-Asp- 
Phe-Arg-Gln-Asp-Leu . 



13;. The process of claim 12 wherein the crosslinking is through the disulfide bonds and the polymer is a 
dimer. 

14. The process of claim 12 or 13 wherein K is a polypeptide having its N-terminal amino acid followed by 
the sequence L-M-N. 

wherein; 

L Is Gly. Leu, Glu, Gin, or Ala; 
M is Trp. Glu, Gin. or Asp; and 
N Is Lys, Gly. or Gin. 

15. The process of claim 12 or 13 wherein the polypeptide comprises an amino acid sequence of the 
formula: 



Cye-A-Arg-B-Leu-Tyr-Ile-Asp-Phe-H-I-Asp-Leu-Gly-Trp- 
Lys 

Wherein: 

A is Val or Leu; 
B is Pro or Gin; 
H is Arg or Lys; and 
1 is Lys, Arg, or Gin. 

16. The process of any one of claims 12, 14 or 15 wherein the homologous polypeptide chain Is 100% 
homologous to the monomeric polypeptide. 

Claims for the following Contracting State : ES 

1. A process for preparing a polypeptide comprising an amino acid sequence of the formula: 
X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-h-Asp-Leu-Gly-Trp-K. 
wherein: 

X is Cys or a crosslinker moiety or a polypeptide that has at its C-terminus a Cys, and that, if greater 

than 15 residues, does not have the sequence of mature or precursor TGF-)3 at a homologous location 

in the mature or precursor JGf-fi molecule; 

A is Val or Leu; 

Bis Pro or Gin; 

H is Arg or Lys; 

I is Lys, Arg. Gin; and 

K is Lys or a polypeptide that has at its N-terminus Lys, and that, if greater than 15 residues, does not 
have the sequence of mature or precursor TGF-^ at a homologous location in the mature or precursor 
TGF-^ molecule; and physiologically acceptable salts or esters thereof; provided, however, that the 
polypeptide excludes (a) a full-lengtfi mature TGF-^ molecule or precursor TGF-^ molecule or deletion 
variants of mature or precursor TGF-^ molecules in which from atwut 1 to 10 amino acid residues have 
been deleted; (b) a polypeptid of the sequ nee: 
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Cys-Val- 

Arg-Gln-Leu-Tyr- Ile-Asp-Phe-Arg-Lys-Asp-Leu-Gly-Trp- 
Lys 

and (c) a polypeptide of the sequence: 



Arg-Asn- 

Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-Ile-Asp- 
Phe - Ar g -Gin- Asp - Leu . 



2. A process according to claim 1 in which the polypeptide comprises an amino acid sequence of the 
formula; 



Cys-A-Arg-B-Leu-Tyr-Ile-Asp-Phe-H-I-Asp-Leu- 
Gly-Trp-Lys 

wherein: 
A is Vai or Leu; 
B is Pro or Gin; 
H is Arg or Lys; and 
I is Lys, Arg, or Gin. 

3. A process according to claim 1 in which, in the polypeptide, K is a polypeptide having its N-terminal 
amino acid followed by the sequence L-M-N, 

wherein; 

L is Gly, Leu, Glu, Gin, or Ala; 

M is Trp, Glu, Gin, or Asp; and . _ 

N is Lys, Gly, or Gin. 

4. A process for preparing a polypeptide polymer which process comprises crosslinking at least two of the 
polypeptides as defined in claim 1 to each other. 

5. The process of claim 4 wherein two of the polypeptides are crosslinked through the cysteine residue in 
the given polypeptide sequence. 

6. The process of claim 5 wherein each polypeptide comprises an amino acid sequence of the formula: 

Cys-A-Arg-B-Leu-Tyr-Ile-Asp-Phe-H-I-Asp-Leu-Gly-Trp- 
Lys 

wherein: 

A is Val or L u; 
B is Pro or Gin; 
H is Arg or Lys; and 
I is Lys, Arg or Gin. 
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7. A process for preparing a polypeptide as defined in claim 1 for the tr atm nt of an immune r 
inflammatory disord r. 

& Use of a polypeptide as defined in claim 1 in the manufacture of a medicament for the treatment of an 
immune or inflammatory disorder. 

9. A process for preparing a monoclonal antibody specific for the polypeptide defined in claim 1 . 

10. The process of claim 9 wherein the monoclonal antit)ody neutralizes at least one immunosuppressive 
protein. 

11. Use of a polypeptide as defined in claim 1 in the manufacture of a medicament for application to a 
wound in an animal. 

12. A process for obtaining a therapeutically biologically active polypeptide comprising the steps of 
assaying a monomeric polypeptide and determining that it is not therapeutically biologically active and 
crosslinking the monomeric polypeptide at one of its termini with at least one polypeptide chain 
homologous to the monomeric polypeptide, so as to form a polymer of the monomeric polypeptide, 
wherein said monomeric polypeptide comprises an amino acid sequence of the formula: 
X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K, 

wherein: 

X is Cys or a crosslinker moiety or a polypeptide that has at its C-terminus a Cys, and that, if greater 

than 15 residues, does not have the sequence of mature or precursor TGF-^ at a homologous location 

in the mature or precursor TGF-^ molecule; 

A Is Val or Leu; 

B is Pro or Gin; 

H is Arg or Lys; 

I is Lys. Arg. Gin; and 

K is Lys or a polypeptide ttiat has at its N-terminus Lys. and that, if greater than 15 residues, does not 
have the sequence of mature or precursor TGF-^ at a homologous location in the mature or precursor 
TGF-J9 molecule; and physiologically acceptable salts or esters thereof; provided, however, that the 
polypeptide excludes (a) a full-length mature TGF-^ molecule or precursor TGF-i3 molecule or deletion 
variants of mature or precursor TGF-^ molecules in which from about 1 to 10 amino acid residues have 
been deleted; (b) a polypeptide of the sequence: 



Cys-Val- 

Ar g - Gin - Leu - Ty r - 1 1 e - Asp - Phe - Arg - Ly s - Asp - Leu - Gly - Trp - 
Lys 

and (c) a polypeptide of the sequence: 

Arg-Asn- 

Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-Ile-Asp- 
Phe-Argr-Gln-Asp-Leu . 



13. The process of claim 12 wherein the crosslinking is through the disulfid bonds and th polymer is a 
dimer. 

14. Th process of claim 12 or 13 wher in K is a polypeptid having its N-terminal amino acid followed by 
th sequence L-M-N, 
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wherein; 

L is Gly, LeUp Glu. Gin, or AJa; 
M is Trp. Glu. Gin, or Asp; and 
N is Lys, Gty. or Gin. 

5 

IS. The process of claim 12 or 13 wherein the polypeptide comprises an amino acid sequence of the 
formula: 



Cys-A-Arg-B-Leu-Tyr-Ile-Asp-Phe-H-I-Asp-Leu-Gly-Trp- 
Lys 



75 Wherein: 

A is Val or Leu; 
B is Pro or Gin; 
H is Arg or Lys; and 
I is Lys, Arg. or Gin. 

20 

16. The process of any one of claims 12. 14 or 15 wherein the homologous polypeptide chain is 100% 
homologous to the monomeric polypeptide. 

Patentanspriicha 

25 Patentansprilche fUr folgende Vertragsstaaten : AT, BE, CH, DE, DEC, FR, GB, IT, U, LU, NL, SE 

1. Polypeptid umfassend eine Aminos3uresequenz der Formel: 
X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K, 
worin: 

30 X Cys Oder eine Vemetzergruppe Oder ein Polypeptid ist. das an seinem C-Terminus ein Cys aufweist 

und das. falls es grSBer als 15 Reste ist. die Sequenz von reifem Oder VortSufer TGF-^ an einer 

homologen Stelle im reifen Oder VorlSufer TGF-/3-Molekai nicht aufweist; 

A Val Oder Leu ist; 

B Pro Oder Gin ist; 
35 H Arg Oder Lys ist; 

I Lys, Arg. Gin 1st; und 

K Lys Oder ein Polypeptid ist. das an seinem N-Terminus Lys aufweist und das, falls es grSBer als 15 
Reste ist, die Sequenz von reifem Oder VorlSufer TGF-^ an einer homologen Stella Im reifen Oder 
VorlSufer TGF-^-MolekOI nicht aufweist, und physiologisch annehmt>are Saize Oder Ester davon; jedoch 
40 mit der iVIaBgabe, daS das Polypeptid folgendes ausschlieBt (a) ein rerfes TGF-jS-MolekQI voller Ldnge 
Oder ein VorlHufer TGF/3-i^olek(ll oder L6schungsvarianten von reifen Oder VorlSufer TGF-^-MolekQIen, 
in denen von etwa 1 bis 10 AminosSureresten gel5scht wurden; (b) ein Polypeptid der Sequenz: Cys- 
Val-Arg-GIn-Leu-Tyr-lle-Asp-Phe-Arg-Lys-Asp-Leu-Gly-Trp-Lys und (c) ein Polypeptid der Sequenz: 
Arg-Asn-Leu-Glu-GIu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-lle-Asp-Phe-Arg-Gln-Asp-Leu. 

45 

2. Polypeptid nach Anspruch 1, umfassend eine AminosSuresequenz der Formel: Cys-A-Arg-B-Leu-Tyr- 
lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys 

worin: 

A Val Oder Leii ist; 
50 B Pro Oder Gin ist; 

H Arg Oder Lys ist; und 
I Lys. Arg Oder Gin ist. 

3. Polypeptid nach Anspruch 1, worin K ein Polypeptid ist, an dessen N-terminal Aminos§ur sich die 
55 Sequenz L-M-N anschli Bt. 

worin: 

L Gly, L u, Glu, Gin oder Ala ist; 
M Trp, Glu. Gin od r Asp ist; und 
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N Lys. Gty od r Gin ist 

4. Polypeptidpolymer umfass nd zumindest zw i der P lypeptid von Anspruch 1. di miteinander 
vemetzt sind. 

5 

5b Polypeptidpolymer nach Anspaich 4, worin zwel der Polypeptide Ober den Cysteinrest In der jeweiligen 
Polypeptidsequenz vemetzt sind. 

6b Polypeptidpolymer nach Anspruch 5. worin jedes Polypeptid eine AmlnosSuresequenz der Formet: 
10 Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys 

umfaBt. worin: 

A Val Oder Leu ist; 

B Pro der Gin ist; 

H Arg Oder Lys ist; und 
75 I Lys, Arg Oder Gin ist. 

7. Polypeptid nach Arispruch 1 zur Behandlung einer Immun- oder EntzQndungsstdrung. 

8l Verwendung eines Polypeptids nach Anspruch 1 be! der Herstellung eines Medikaments zur Behand- 
20 lung einer Immun- oder EntzQndungsstdrung. 

9. Monoklonaler Antik5rper spezifisch fOr. das Polypeptid von Anspruch 1 . 

10. Monoklonaler Antikdrper nach Anspruch 9» der zumindest ein Immunosuppressives Protein neutralisiert. 

25 

11. Venwendung eines Polypeptids nach Anspruch 1 bei der Herstellung eines Medikaments zur Anwen- 
dung auf eine Wunde bei einem Tier. 

12. Verfahren zum Gewinnen eines therapeutisch biologisch aktiven Polypeptids umfassend die Schritte 
30 des Untersuchens eines monomeren Polypeptids und des Bestimmens. daB es ntcht therapeutisch 

biologisch aktiv ist, und des Vernetzens des monomeren Polypeptids an einem seiner Enden mit 
zumindest einer Polypeptidkette. die zum monomeren Polypeptid homolog ist, um ein Polymer des 
monomeren Polypeptids zu bilden, worin dieses monomere Polypeptid eine AminosSuresequenz der 
Formel: 

35 X-A-Arg-B-Leu-Tyr-IIe-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K 
umfaBt, worin: 

X Cys Oder eine Vemetzergruppe oder ein Polypeptid ist, das an seinem C-Termtnus ein Cys aufweist 
und das, falls es grdBer als 15 Reste ist, die Sequenz von reifem Oder VoriMufer TGF-j9 an einer 
homologen Stelle inri reifen oder VoriSufer TGF-/3-MolekUI nicht aufweist; 
40 A Val Oder Leu ist; 
B Pro Oder Gin ist; 
H Arg Oder Lys ist; 
I Lys. Arg, Gin ist; und 

K Lys Oder ein Polypeptid ist, das an seinem C-Terminus ein Cys aufweist und das, falls es gr56er als 
45 15 Reste ist. die Sequenz von reifem oder VoriSufer TGF-)3 an einer homologen Stelle im reifen oder 
VoriMufer TGF-i3-MolekQI nicht aufweist; und physiologisch annehmbare Saize Oder Ester davon; jedoch 
mit der MaBgabe. daB das Polypeptid folgendes ausschiiefft: (a) ein reifes TGF-^-MolekUl voller L9nge 
Oder ein VortSufer TGF^-MoIekOI oder Ldschungsvarianten von reifen oder VoriSufer TGF-^-MolekOlen, 
in denen von etwa 1 bis 10 AminosMureresten geldscht wurden; (b) ein Polypeptid der Sequenz: Cys- 
50 Val-Arg-Gln-Leu-Tyr-lle-Asp-Phe-Arg-Lys-Asp-Leu-Gly-Trp-Lys und (c) ein Polypeptid der Sequenz: 
Arg-Asn-Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-lle-Asp-Phe-Arg-Gln-Asp-Leu. 

Verfahren nach Anspruch 12, worin das Vemetzen Uber die Disulfidbindungen erfolgt und das Polymer 
ein Dim r ist 

Verfahren nach Anspruch 12 oder 13. worin K ein Polypeptid ist. an d ss n N-t rminale AminosSure 
sich die Sequenz L-M-N anschtieBt. 
worin: 



13. 

55 

14. 
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L Gty. Leu. Glu. Gin od r Ala ist; 
M Trp, Glu, Gin Oder Asp ist; und 
N Lys. Gly Oder Gin ist 

5 15. Verfahren nach Anspruch 12 oder 13. worin das Polypeptid eine Aminosduresequenz der Formel: 

Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-GIy-Trp-Lys 

umfaBt worin: 

A Val Oder Leu ist; 

B Pro Oder Gin ist; 
70 H Arg Oder Lys ist; und 

I Lys. Arg Oder Gin ist 



16. Verfahren nach einem der AnsprUche 12. 14 Oder 15, worin die homologe Polypeptidkette zum 
75 monomeren Polypeptid zu 100 % homolog ist 

Patentansprttche fUr folgende Vertragsstaat : ES 

1. Verfahren zur Herstellung eines Polypeptids umfassend eine AminosMuresequenz der Fonmel: 
20 X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K, 

worin: 

X Cys Oder eine Vemetzergruppe oder ein Polypeptid ist. das an seinem C-Terminus ein Cys aufweist 
und das. falls es groBer als 15 Reste ist. die Sequenz von reifem oder VorlSufer TGF-^ an einer 
homologen Stelle im reifen oder VorlSufer TGF*i3-MolekUI nicht aufweist; 
25 A Val Oder Leu ist; 
B Pro Oder Gin ist; 
H Arg oder Lys ist; 
1 Lys. Arg. Gin ist; und 

K Lys Oder ein Polypeptid ist das an seinem N-Terminus Lys aufweist und das. falls es gr&Ber als 15 
30 Reste ist. die Sequenz von reifem oder VoriSufer JGf-0 an einer homologen Stelle tm reifen oder 
VorlMufer TGF-jS-MolekQI nicht aufweist; und physiologisch vertrSgliche Salze oder Ester davon; jedoch 
mit der Ma6gat)e. daB das Polypeptid folgendes ausschlieBt (a) ein relfes TGF-/9-MolekOI voller LSnge 
Oder ein VorlSufer TGF)9-Molek(lI oder LSschungsvarianten von reifen oder VorlSufer TGF-/9-Molekmen, 
in denen von etwa 1 bis 10 AminosSureresten gel5scht wurden; (b) ein Polypeptid der Sequenz: Cys- 
35 Val-Arg-Gln-Leu-Tyr-Ile-Asp-Phe-Arg-Lys-Asp-Leu-Gly-Trp-Lys und (c) ein Polypeptid der Sequenz: 
Arg-Asn-Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-IIe-Asp-Phe-Arg-Glu-Asp-Leu. 

2. Verfahren nach Anspruch 1, worin das Polypeptid eine AminpsSuresequenz der Fonmel: Cys-A-Arg-B- 
Leu-Tyr-IIe-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys umfaBt. 

40 worin: 

A Val Oder Leu ist; 
B Pro Oder Gin ist; 
H Arg oder Lys ist; und 
I Lys. Arg oder Gtn ist 

46 

3. Verfahren nach Anspruch 1, worin im Polypeptid K ein Polypeptid ist, an dessen N-terminale Amino- 
sMure sich die Sequenz L-M-N anschiieBt. 

worin: 

L Gly, Leu. Glu, Gin oder Ala ist; 
60 M Trp, Glu, Gtn oder Asp ist; und 
N Lys, Gly oder Gin ist 

4. Verfahren zur Herstellung eines Polypeptidpolymers. welches Verfahren das Miteinander-Vernetzen von 
zumindest zwei der Polypeptid nach Anspruch 1 umfaBt. 

55 

5. Verfahren nach Anspruch 4, worin zwei der Polypeptid Ober den Cysteinrest in der jeweilig n 
Polypeptidsequenz vemetzt sind. 
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6. Verfahren nach Anspruch 5. worin jedss Polypeptid ein AminosSuresequenz der Forme): 
Cys-A-Arg-B-Leu-Tyr-lle-Asp-Pho-H-l-Asp-Leu-Gly-Trp-Lys 

umfaBt. worin: 
A Val Oder Leu ist; 
5 B Pro der Gin ist; 

H Arg Oder Lys ist; und 
I Lys, Arg Oder Gin ist 

7. Verfahren zur Herstellung eines Polypeptids nach Anspruch 1 zur Behandlung einer Immun- oder 
10 EntzOndungsstSrung. 

& Verwendung eines Polypeptids nach Anspruch 1 bei der Herstellung eines Medlkaments zur Behand- 
lung einer Immun- oder EntzQndungsstdrung. 

75 9. Verfahren zur Herstellung eines monoklonaten Antik&rpers, der fQr das Polypeptid nach Anspruch 1 
spezifisch ist. 

10. Verfahren von Anspruch 9, worin der monoklonale Antikdrper zumindest ein immunosuppressives 
Protein neutralistert. 

20 

11. Verwendung eines Polypeptids nach Anspruch 1 bei der Herstellung eines Medikaments zur Anwen- 
dung auf eine Wunde bei einem Tier. 

12. Verfahren zum Gewinnen eines therapeutisch biologisch aktiven Polypeptids, umfassend die Schritte 
25 des Untersuchens eines monomeren Polypeptids und des Bestlmmens, da6 es nicht therapeutisch 

biologisch aktiv ist, und des Vemetzens des monomeren Polypeptids an einem seiner Enden mit 
zumindest einer Polypeptidkette, die zum monomeren Polypeptid homolog ist. um ein Polymer des 
monomeren Polypeptids zu bilden, worin dieses monomere Polypeptid eine AminosSuresequenz der 
Formel: 

30 X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K 
umfaBt. worin: 

X Cys Oder eine Vernetzergruppe oder ein Polypeptid ist, das an seinem C-Terminus ein Cys aufweist 
und das, falls es groBer als 15 Reste ist, die Sequenz von reifem oder VorlMufer IGF'0 an einer 
homologen Stelle im reifen oder VorlMufer TGF-;9-MolekUI nicht aufweist; 
35 A Val Oder Leu ist; 
B Pro Oder Gin ist; 
H Arg oder Lys ist; 
I Lys, Arg, Gin ist; und 

K Lys Oder ein Polypeptid ist, das an seinem C-Terminus ein Cys aufweist und das. falls es grdBer als 
40 15 Reste ist. die Sequenz von reifem oder VorlSufer TGF-^ an einer homologen Stelle im reifen oder 
VorlSufer TGF-iS-MolekOI nicht aufweist; und 

physlologlsch annehmbare Saize oder Ester davon; jedoch mit der MaBgabe. daB das Polypeptid 
folgendes ausschliefit: (a) ein reifes TGF-^-MolekOI voller LSnge oder ein VorlSufer TGF/3-i\^olekOI oder 
LSschungsvarianten von reifen oder VorlSufer TGF-^-MolekOlen. in denen von etwa 1 bis 10 Aminosau- 
45 reresten gelSscht wurden; (b) ein Polypeptid der Sequenz: Cys-Val-Arg-Gln-Leu-Tyr-lle-Asp-Phe-Arg- 
Lys-Asp-Leu-Gly-Trp-Lys und (c) ein Polypeptid der Sequenz: Arg-Asn-Leu-Glu-Glu-Asn-Cys-Cys-Val- 
Arg-Pro-Leu-Tyr-lle-Asp-Phe-Arg-GIn- Asp-Leu. 

13. Verfahren nach Anspruch 12. worin das Vemetzen Qber die Disulfidbindungen erfolgt und das Polymer 
50 ein Dimer ist. 

14. Verfahren nach Anspruch 12 oder 13, worin K ein Polypeptid ist, an dessen N-terminale Aminosdure 
sich die Sequenz L-M-N anschlieBt, 

worin: 

65 L Gly. Leu. Glu, Gin oder Ala ist; 
M Trp. Glu, Gin Oder Asp ist; und 
N Lys, Gly Oder Gin ist. 
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15. Verfahren von Anspruch 12 od r 13, worin das Polypeptid eine AminosMur sequenz der Formel: 
Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys 

umfaBt worin: 
A Val Oder Leu ist; 
B Pro Oder Gin ist; 
H Arg Oder Lys ist; und 
I Lys, Arg oder Qtn ist 

16. Verfahren nach einem der AnsprUche 12, 14 oder 15, worin die homologe Polypeptidkette zum 
monomeren Polypeptid zu 100 %homolog ist 

Revendlcations 

Revendlcatlons pour les Etats contractants sulvants : AT, BE, CH, DE, DK, FR, 6B, IT, U, LU, NL, SE 

1. Polypeptide comprenant une sequence d'aminoacides de formula 
X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K, 

dans laquelle : ' ' 

X repr^sente Cys ou un groupement de reticulation ou bien un polypeptide qui poss§de h son 
extrdmite C-terminale une Cys et qui. s'il poss^de plus de 15 r^sidus. ne poss^de pas la sequence du 
TGF-^ mature ou du pr^curseur de JGf-0 h un emplacement homologue dans la molecule de TGF-^ 
mature ou de pr^curseur de TGF-^ ; 

A repr^sente val ou Leu ; 

B repr^sente Pro ou Gin ; 

H repr^sente Arg ou Lys ; 

I repr^sente Lys, Arg ou Gin ; et 

K repr^sente Lys ou un polypeptide qui poss^de h son extr§mit§ N-terminate une Lys et qui, s*il 
possdde plus de 15 r^sidus, ne poss^de pas la sequence du TGF-^ mature ou du pr^curseur de TGF- 
iS ^ un emplacement homologue dans la molecule de TGF-^ mature ou de pr^curseur de TGF-0 ; et 
ses sels ou esters physiologiquement acceptables ; sous reserve, cependant, que le polypeptide 
exclue (a) une molecule de TGf-0 mature ou une molecule de pr^curseur de TGF-jS complete ou bien 
des variants par d^ldtion de la molecule de TGF-i? mature ou de pr^curseur de TGF-/3 ayant subi une 
delation d'envlron 1^10 r^sidus d'amlno-acldes ; (b) un polypeptide de sequence : 

Cys-Val-Arg-Gln-Leu-Tyr-Ile-Asp-Phe-Arg-Lys-Asp- 
Leu-Gly-Trp-Lys 

et (c) un polypeptide de sequence : 

Arg-Asn- 

Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-ile-Asp-Phe-Arg- 
Gln-Asp-Leu. 

2. Polypeptide suivant la revendication 1 , comprenant une sequence d'amino-acides de formule : Cys-A- 
Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys dans laquelle : 

A repr^sente val ou Leu ; 
B repr^sente Pro ou Gin ; 
H repr§sente Arg ou Lys ; et 
I repr^sente Lys, Arg ou Gin. 

3. Polypeptide suivant la revendication 1. dans lequel K repr^sente un polypeptid dont I'amino-acid N- 
termlnal est suivi par la sequence L-M-N. 

dans laquelle : 
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L represents Gty, L u. Glu, Gin ou Ala ; 
M repr^s nto Trp, Glu, Gin u Asp ; t 
N represents Lys, Gty u Gin. 

5 4. Potym&re polypeptidique comprenant au moins deux des polypeptides suivant la revendication 1 r^unis 
par reticulation. 

5. Potym^re polypeptidique suivant la revendication 4, dans lequel deux des polypeptides sont r^ticul^s 
par le r^sidu cysteine dans la sequence polypeptidique donnee. 

6. Polym&re polypeptidique suivant la revendication 5, dans lequel chaque polypeptide comprend une 
sequence d'amino-acldes de fomnule : 
Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys 

dans laquelle : 
75 A represente Val ou Leu ; 

B represente Pro ou Gin ; 
H represente Arg ou Lys ; et 
I represente Lys, Arg ou Gin. 

20 7. Polypeptide suivant la revendication 1 pour le traitement d'une maladie Immune ou inflammatoire. 

& Utilisation d'un polypeptide suivant la revendication 1 dans la production d'un medicament destine au 
traitement d'une maladie immune ou inflammatoire. 

25 9. Anticorps monoclonal specifique du polypeptide suivant la revendication 1. 

10. Anticorps monoclonal suivant la revendication 9, qui neutralise au moins une proteine immunosuppres- 
sive. 

30 11. Utilisation d'un polypeptide suivant la revendication 1 dans la production d'un medicament destine k 
I'application k une lesion chez un animal. 

12. Precede pour ot>tenir un polypeptide biologiquement actif h effet therapeutique. comprenant les etapes 
d'analyse d'un polypeptide monomerique, de determination de la non-activite biologique h effet 

35 therapeutique de ce polypeptide, et de reticulation du polypeptide monomertque h une de ses 
extemites avec au moins une chathe polypeptidique homologue du polypeptide monomerique. de 
maniere k former un polym^re du polypeptide monomerique. dans lequel ledrt polypeptide monomeri- 
que comprend une sequence d'amino-acides. de formula : 
X-A-Arg-B-Leu-Tyr-Ile-Asp-Phe-H-I-Asp-Leu-Gly-Trp-K. 

40 dans laquelle : 

X represente Cys ou un groupement de reticulation ou bien un polypeptide qui poss^de k son 
extremite C-terminale une Cys. et qui, s'il poss^de plus de 15 residus, ne possede pas la sequence du 
TGF-^ mature ou du precurseur de TGF-;3 k un emplacement homologue dans la molecule de TGF-^ 
mature ou de precurseur de TGF-^ ; 
45 A represente Val ou Leu ; 

B represente Pro ou Gin ; 

H represente Arg ou Lys ; 

I represente Lys, Arg ou Gin ; et 

K represente Lys ou un polypeptide qui possede k son extremite N-tenminale une Lys et qui, s'il 
50 . possede plus de 15 residus, ne possede pas la sequence du TGF-^ mature ou du precurseur de TGF- 
j9 ^ un emplacement homologue dans la molecule de TGF-^ mature ou de precurseur de TGF-0 ; et 
ses sels ou esters physiologiquement acceptables ; sous reserve, cependant, que le polypeptide 
exclue (a) une molecule de TGF-^ mature ou une molecule de precurseur de TGF-^ complete ou bien 
d s variants par deletion de la moiecul de TGF-^ mature ou de precurseur de TGF-^ ayant subt une 
55 deletion d'environ 1^10 residus d'amino-acid s ; (b) un polypeptide de sequenc : 
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Cys-Val-Arg-Gln-Leu-Tyr-Ile-Asp-Phe-Arg-Lys-Asp- 
Leu-Gly-Trp-Lys 

5 

et (c) un polypeptide de sequence : 

Arg-Asn- 

10 Leu-Glu--Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu-Tyr-Ile-Asp-Phe-Arg- 
Gln-Asp-Leu • 

75 13w Proc^dd suivant la revendication 12, dans lequel la reticulation s'effectue par les liaisons disulfure et le 
polymfere esl un dimdre. 

14. Proc6d4 suivant la revendication 12 ou 13, dans lequel K est un polypeptide ayant son amino-acide N- 
terminal suivi par la sequence L-M-N, 
20 dans laquelle : 

L repr^sente Gly, Leu, Glu. Gin ou Ala : 
M repr^sente Trp, Glu, Gin ou Asp ; et 
N repr^sente Lys, Gly ou Gin. 

25 15. Proc^d^ suivant la revendication 12 ou 13. dans lequel le polypeptide comprend une sequence 
d'aminoacides de fonnule : 

Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys 
daris laquelle : 

A repr^sente Val ou Leu ; 
30 B repr§sente Pro ou Gin ; 

H repr^sente Arg ou Lys ; et 
I repr^sente Lys, Arg ou Gin. 

16. Proc^d^ suivant Tune quelconque des revendications 12. 14 et 15, dans lequel la chathe du 
35 polypeptide homologue pr^sente une homologie de 100 % avec le polypeptide monom^rique. 

Revendications pour i'Etat Contractant suivant : ES 

1. Procdd6 de preparation d'un polypeptide comprenant une sequence d'amino-acides de fomnule 
40 X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-K, 
dans laquelle : . 

X repr^sente Cys ou un groupement de reticulation ou bien un polypeptide qui poss5de h son 
extremite C-tenminale une Cys et qui, s'il poss^de plus de 15 r^sidus. ne possdde pas la sequence du 
TGF-^ mature ou du pr^curseur de TGF-^ h un emplacement homologue dans la molecule de TGF-^ 
45 mature ou de pr^curseur de JGF-.0 ; 
. A repr^sente val ou Leu. ; 
B repr4sente Pro ou Gin ; 
H repr^sente Arg ou Lys ; 
I represente Lys. Arg ou Gin ; et 
50 K repr^sente Lys ou un polypeptide qui poss^de h son extr^mite N-terminale une Lys et qui, s'll 

poss^de plus de 15 r^sidus. he poss^de pas la sequence du TGF-jS mature ou du pr^curseur de TGF- 
0 h un emplacement homologue dans la molecule de TGF-^ mature ou de pr^curseur de TGF'0 ; et 
de ses sels ou esters physiologiquement acceptabtes ; sous reserve, cependant, que le polypeptide 
exclue (a) une mol^cul de TGF-^ mature ou une molecule d precurseur de TGF-^ cpmplfete ou bien 
55 des variants par deletion de la moiecul d TGF-i5 mature ou de precurs ur d TGF-^ ayant subi une 
deletion d'environ 1 li 10 residus d*amino-acides ; (b) un polypeptide d sequence : 
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Cys-Val-Arg-Gln-Iieu-Tyr-Ile-Asp- 
Phe-Arg-Lys-Asp-Leu-Gly-Trp-Lys 

et (c) un polypeptide de sequence : 

Arg-Asn-Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu- 
Tyr-Ile-Asp-Phe-Arg-Gln- Asp-Leu . 



2. Proc^dd suivant la revendication 1 , dans lequel le polypeptide comprend une s^queiftce d*amino-acides 
de formule : Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys 
dans laquelle : 

A repr^sente Val ou Leu ; 

B repr^sente Pro ou Gin ; 

H repr^sente Arg ou Lys ; et 

I repr^sente Lys, Arg ou Gin. 

a Proc6d6 suivant la revendication 1, dans lequel. dans le polypeptide, K repr^sente un polypeptide dont 
Tamino-acide N-terminal est suivi par la sequence L-M-N. dans laquelle : 
L repr^sente Gly. Leu. Glu, Gin ou Ala ; 
M repr^sente Trp. Glu. Gin ou Asp ; et 
N reprdsente Lys, Gly ou Gin. 

4. Proc4d§ de preparation d'un polym^re polypeptidique, proc^d^ qui comprend la reticulation I'un h 
Tautre d*au moins deux des polypeptides d^finis dans la revendication 1. 

5. Procdde suivant la revendication 4. dans lequel deux des polypeptides sont reticules par le r^sidu 
cysteine dans la sequence polypeptidique donnee. 

6. Precede suivant la revendication 5, dans lequel chaque polypeptide comprend une sequence d'aminoa- 
cides de formule : 

Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-I-Asp-Leu-Gly-Trp-Lys 
dans laquelle : 

A represente Val ou Leu ; 

B represente Pro ou Gin ; 

H represente Arg ou Lys ; et 

I represente Lys, Arg ou Gin. 

7. Precede de preparation d'un polypeptide detini dans la revendication 1 pour le traitement d'une 
maladie immune ou inflammatoire. 

8b Utilisation d'un polypeptide detini dans la revendication 1 dans la production d'un medicament destine 
au traitement d'une maladie immune ou inflammatoire. 

9. Precede de preparation d'un anticorps monoclonal specifique du polypeptide defini dans la revendica- 
tion 1 . 

10. Precede suivant la revendication 9, dans lequel I'ahticorps monoclonal neutralise au moins une proteine 
immunosuppressive. 

11. Utilisation d'un polypeptid detini dans la revendication 1 dans la production d'un medicament destine 
h §tre applique h un lesion chez un animal. 



32 



EP 0 473 649 B1 



12. Proc^d§ d'obtention d*un polypeptid biologiquement acttf h eff t thdrapeutique, comprenant I s Stapes 
d'analys d'un polyp ptide monom^rique. d d^t rmination d la non-activit§ biologiqu h ffet 
th^rapeutique d ce polypeptide, et d reticulation du polypeptid monom^riqu h un de ses 
extr^mit^s avec au moins une chathe polypeptidique homologue du polypeptide monom^rique, de 
mani^re h former un polym^re du polypeptide monom^rique. dans lequel ledit polypeptide monom^ri-, 
que comprend une sequence d'amino-acides. de formule : 
X-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-GIy-Trp-K, 
dans laquelle : 

X repr^sente Cys ou un groupement de reticulation ou bien un polypeptide qui poss^de k son 
extremity C-tenninale une Cys, et qui. s'll poss^de plus de 15 rSsidus. ne poss^de pas la sequence du 
TQF'fi mature ou du pr^curseur de TGF-i3 k un emplacement homologue dans la molecule de TGf-fi 
mature ou de pr^curseur de TGF-^ ; 

A repr^sente Vat ou Leu ; 

B repr^sente Pro ou Gin ; 

H repr^sente Arg ou Lys ; 

I repr^sente Lys, Arg ou Gin ; et 

K repr^sente Lys ou un polypeptide qui poss^e h son extr^mite N-terminale une Lys et qui, s*il 
poss^e plus de 15 residus, ne poss§de pas la sequence du TGF-^ mature ou du prScurseur de TGF- 
/? ^ un emplacement homologue dans la molecule de TGF-fi mature ou de pr^curseur de TGF-^ ; et 
de ses sels ou esters phystologtquement acceptables ; sous reserve, Dependant, que le polypeptide 
exclue (a) une molecule de TGF-fi mature ou une molecule de pr^curseur de TGF-i9 complete ou bien 
des variants par deletion de la molecule de JGf-fi mature ou de pr^curseur de TGF-i9 ayant subi une 
delation d'environ 1^10 r^sidus d'amino-acldes ; (b) un polypeptide de sequence : 

Cys-Val-Arg-Gln-Leu-Tyr-Ile-Asp- 
Phe-Arg-Lys-Asp-Leu-Gly-Trp-Lys 

et (c) un polypeptide de sequence : 

Arg-Asn-Leu-Glu-Glu-Asn-Cys-Cys-Val-Arg-Pro-Leu- 
Tyr-Ile-Asp-Phe-Arg-Gln-Asp-Leu . 



ia Precede suivant la revendication 12. dans lequel la reticulation s*effectue par les liaisons disulfure et le 
polym&re est un dim^re. 

14. Precede suivant la revendication 12 ou 13. dans lequel K represente un polypeptide dont Tamino-aclde 
N-terminal est suivi par la sequence L-M-N, 

dans laquelle : 

L represente Gly. Leu. Glu, Gin ou Ala ; 
M represente Trp. Glu. Gin ou Asp ; et 
N represente Lys, Gly ou Gin. 

15. Precede suivant la revendication 12 ou 13, dans lequel le polypeptide comprend une sequence 
d'aminoacides de fomnule : 

Cys-A-Arg-B-Leu-Tyr-lle-Asp-Phe-H-l-Asp-Leu-Gly-Trp-Lys 
dans laquelle : 

A represente Val ou Leu ; 

B represente Pro ou Gin ; ^ 
H represente Arg ou, Lys ; et 
I represente Lys, Arg u Gin. 

16. Precede suivant Tune qu Iconque des revendications 12, 14 t 15, dans lequel la chain du 
polypeptide homologu presente un homologie de 100 % av c I polypeptide monomerlque. 
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TGF-B08D (uM) 

FIG. 3 
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